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which, though sometimes entirely absent, generally surrounds 
the umbra and separates it from the general solar surface. 
In the penumbra indications of strong currents, often true 
cyclones, are observed, while the general surface is some- 
times tom by these currents, and is seen projected in the 
form of bridges over the spot. 

2. Spectroscopic phenomena, — The spectrum indicates 
that the blackness of a spot is due to absorption both 
general and selective. The selective absorption takes the 
form of a widening of some of the lines seen m the 
spectrum of the spot ; and this character suggests that the 
chemical nature of the vapours in the spots may not always 
be the same. A contortion of certain of the spectral lines 
is also observed, which indicates that violent motion, most 
generally a down rush, is not uncommon. 

3. Their frequency. — Hofrath Schwabe, of Dessau, was 
the first to ascertain that the state of the sun's surface as 
regards frequency of spots was by no means uniform, but 
was subject to an inequality, the average period of which 
was about 11 years. 

Other inequalities, both of longer and shorter periods 
than the above, have been supposed to exist, but the 11 
yearly period is the most prominent, as well as that of whose 
existence we are most assured. 

Although the series of Schwabe is the first with preten- 
sions to accuracy, yet Professor Rudolph Wolf 3 has endea- 
voured to render observations of sun spots made at different 
times and by different observers comparable with each other, 
and has thus formed a list exhibiting approximately the 
relative number of sun spots for each year. This list 
extends back into the 17th century, and is in many respects 
of great value, more especially in confirming past all doubt 
the existence of the 11 yearly period. Nevertheless, we 
must bear in mind that we have no continuous and wholly 
trustworthy data from which the lelative number of the 
sun spots can be calculated until the time of Schwabc’s 
observations. Schwabe began his observations in 1825, 
and his system was matured in 1 832. 

4. Their distribution . — In November 1853 Mr. Car- 
rington began at Redhill, near London, an exceedingly 
accurate series of observations of sun spots, which extended 
until March 1861. These observations Mr. Carrington dis- 
cussed at considerable length in a volume, the publication^ 
which was aided by a grant from the fund placed by Her 
Majesty at the disposal of the Royal Society. 1 * As the result 
of this discussion Mr. Carrington confirmed a previously 



I— PRELIMINARY OBSERVATIONS. 


Before dealing with the proper subject-matter of our 
Report it appears desirable briefly to recapitulate from 
official docij^nents the steps which led to the formation of 
this Committee and to state its object. 

In the year 1875 the Royal Commission on Scientific 
Instruction and the Advancement of Science, in their eighth 
and final Report, strongly recommended the establishment 
by the State of an observatory for solar physics They stated 
that their opinion is confirmed by the action of foreign 
countries in this matter, observatories for astronomical 
physics having been already established in various parts of 
Italy, while their immediate erection had been decided 
upon in Berlin and in Paris. The Royal Commission fur- 
ther expressed a hope that similar institutions might be 
established in various parts of the British empire, and they 
particularly called attention to the great advantages that 
India afforded for continuous observations at certain high- 
level stations, which are so important in this matter. In 
1876 a large and influential deputation from the British 
Association had an interview with the then Lord President 
of the Council, the Duke of Richmond and Gordon, with 
the view to urge on the Government the necessity for 
taking action on this and other recommendations of the 
Royal Commission. In replying to that deputation the 
Duke of Richmond stated that Mr. Lockyer had been trans- 
ferred from the War Office to the Science and Art Depart- 
ment, and that facilities were being afforded him * for 
carrying forward the researches bearing on this subject, in 
which he bad been engaged for several years. 

Shortly afterwards a memorial was presented by a large 
number of eminent men of science on the same subject* 
They based their appeal for the formation of an observatory 
for astronomical physics on the fact that in the opinion of a 
considerable number of scientific men there was a more or 
less intimate connexion between the state of the sun’s sur- 
face and the meteorology of the earth, and they called 
attention to the fact that recent independent investigations 
on the part of several persons bad led them to the conclusion 
that there was a similarity between the sun spot period, 
periods of famine in India, and cyclones in the Indian 
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centre of the disc has led to the belief that they consist of 
patches of luminous photospheric matter existing above the 
general level. 

We have also evidence that this luminous matter has 
ascended to its elevation from beneath, and that faeuloe con- 
sist of currents of relatively hot matter carried upwards from 
below, while sun spots consist of currents of comparatively 
cold matter carried downwards from above. 

4 Registration of faculce — The positions and areas of 
the facuhe which appear oil the sun’s disc have been since 
July J 873 systematically measured at Greenwich by the 
Astronomer Royal, and the Italian observers have also given 
attention to them 

(3.) Mottled structure of ike surface 

Sir Wm Herschel 12 was probably the first to remark 
that when the sun’s disc is observed with a powerful 
telescope it presents to the eye a brightness by no moans 
uniform, but made up of numerous bright and dark patches, 
existing side by side so as to give the whole a mottled 
appearance, and he further stated that the pores, as he 
called, them, were small spots. This has been abundantly 
established by the spectroscope 

J\I. Janssen has recently been able to obtain admirable 
photographs, not only exhibiting the structure in detail, 
but likewise registering the changes which take place m it 
from time to time 

(4.) The Sun's atmosphere . 

1. Evidence afforded by the darkening of the limb — 
When wo view the sun’s disc through a telescope, or take 
a photograph of it, we find that the limb is less luminous 
than the centre. This leads us to believe that the luminous 
layer of the sun, or photosphere as it is termed, is sur- 
rounded by a comparatively cold absorbing atmosphere. 
Such an atmosphere would act in this wny : — The li<dit 
which reaches us from the limb would have to pierce 
through a greater depth than that which comes from the 
centre of the disc, and hence the former would be more 
absorbed than the latter, and the limb would therefore 
appear to us less luminous. 

2. Evidence afforded by Eclipses.— On the occasions of 
total solar eclipses the eclipsed disc is observed to have 
irregular appendages around it which have been termed red 
flames , and by observations of eclipses from 1842 down- 
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a sum of 500Z. was taken in the estimates for the expenses 
of the Committee on Solar Physics, and the present Com- 
mittee was formed to make trial of methods of observation, 
to collect observed results, to find out what is being done 
in foreign countries, to collect as far as possible and bring 
together all existing information on the subject, and finally 
to reduce the Indian observations which have been made 
since the time when Mr. Meins was sent to India. The 
Committee made a preliminary report last year, which was 
presented to both Houses of Parliament, and has been 
published. . 

Having thus briefly described the circumstances which 
led to the appointment of the Committee, we proceed » to 
mention the state of our knowledge at that time respect- 
ing the various branches of the subject, not attempting to 
give a complete scientific history of these, but only such a 
sketch as will show more clearly the direction in which it 
appears that this inquiry should be pursued in the future. 

In considering the physics of the sun, we should naturally 
begin with the sun itself, and then go on to terrestrial 
phenomena, as regards some of which, though at first sight 
there might appear to be little relation between them and 
the sun, a connexion has since been established, or rendered 
more or less probable. 


II. — STATE OP OTJE KNOWLEDGE AT THE TIME 
OF THE APPOINTMENT OP THE COMMITTEE 
IN 1879. 

Solah Phenomena. 

(1.) Sun Spots. 

The existence of black spots on the sun's disc is noticed 
in the ancient annals of the Chinese empire* In Europe 
thoy were first scientifically observed by Galileo, Fabricius, 
and Schemer shortly after the invention of the telescope, 
and it was early deduced from their behaviour that the sun 1 
revolves about an axis in about 26 days. 

1. Telescopic phenomena . — In a telescope, spots present 
very varied appearances. As a rule there are three shades 
of darkness visible, the nucleus (darkest) 1 # often seon in 
the central regions of the umfrra, which is less dark ; while 
surrounding the umbra there is the region of the penumbra, 

* The numbers tbits printed refer to the list of papers given at p. 70. 
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least frequent at or about years of minimum sun spot 
frequency. 17 1 

3. Their distribution over different months of the year.— 
It Las been shown by Kaemtz that European, and by 
Loomis that American auroras occur most frequently at or 
about the equinoxes. ls 

. Their simultaneity at various stations. — It was 
known at a comparatively early period that great auroral 
displays are seen simultaneously at stations widely apart. 

5. Professor Loomis’s remarks.— As the result of 251 
separate observations of the aurora, embracing the entire 
series made by Herrick and Bradley at Newhaven, U.S. 
from 1837 to 1854, Prof. Loomis 19 concludes that auroral 
displays in the middle latitudes of America are generally 
accompanied by an unusual disturbance of the sun’s surface 
on the very day of the aurora. 


(3.) Earth Currents. 

Their general character. — They consist of electric 
cun exits taking place in the earth, whose existence was 
hrst discovered by Mr. Barlow,- 9 but Mr. C. V. Walker 21 was 
probably the first who studied systematically the laws of 
these phenomena. They are now recorded continuously bv 
photography at the Greenwich observatory. 

Earth currents are particularly violent during magnetic 
storms, on which occasions they have their directions fre- 
quently rever sed, but they are also observed, though to a 
very much smaller extent, during periods of comparative 
magnetic calm r 


(4.) Magnetic Diurnal Variations. 

1. Theimature. A delicately suspended magnet is never 
quite at rest, but has oscillations of various periods one of 
which depends on the hour of the day. This last is called 
the diurnal variation, and its extent is called the diurnal 
range. The diurnal variations commonly referred to are 
— -1, variations of declination ; 2, variations of the horizontal 
component of the earth s magnetic force ; 3, variations of its 
vertical component. These three taken together express 
the whole magnetic change at the place of observation 

2. Their distribution over various years.— Lamont 23 was 
the first to observe the signs of an inequality in the yearly- 
values of the Munich diurnal declination ranges. In 1852 
Sabine 23 pointed out that this inequality corresponded with 
the solar inequality previously discovered by Schwabe, 
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entertained suspicion that spots are grouped more or less 
round the equatorial regions of the sun, never by any chance 
appearing at the poles. 

He likewise showed that at certain times there is a ten- 
dency in spots to confine themselves to latitudes very near 
the solar equator, while at other times they seek by pre- 
ference somewhat higher latitudes, and that the same course 
is simultaneously pursued by spots whether north or south 
of the solar equator. 

Dr. Smysloff, of the Wilna Observatory (see Appen dix to this 
Report, page 152), has drawn attention to the fact that during 
certain times spotted areas appear most on the northern, 
while during other times they seek by pieference the southern, 
hemisphere of the sun. He shows, however, that if we take 
a sufficiently long period (the three years, 1869-70-71, for 
instance) the total areas of the northern and southern spots 
sire nearly equal. 

Dr. Smysloff has confirmed Carrington’s observation that 
spots on an average appear principally between 1 2° and 20° 
latitude in the northern as well as in the southern hemi- 
sphere, from which latitude they diminish rapidly in size and 
number towards the equator, and more gradually towards 
the poles. 

More recently M. Sporer, in conformity with the previous 
observations of Carrington, has shown that spot activity, 
as deduced from the records at his disposal, appears to 
advance towards the solar equator, rising to a maximum 
when at 18° solar latitude, then diminishing until at 5° or 
6° it seems to be exhausted. Afterwards some cause brings 
out spots in the higher latitudes again, and the same 
advance towards the solar equator is repeated with a maxi- 
mum about 18°, 

5. Their proper motion.— Mr. Carrington ‘ has shown 
that spots have a proper mol ion of their own dependum on 
their heliograpliic latitude, those near the solar equatoi 
moving faster than those further from it. 

Mr. Carrington, 5 as the result of his observations, suspects 
that there is a tendency in spots near one another to 
diverge. 

6. Their •nature.— Professor Alexander Wilson, of Glas- 
gow, in 1773, 11 was the first to bring forward evidence indi- 
cating that spots are phenomena which take place below 
the general level of the solar surface, pits in fact of which 
the penumbra forms the sloping sides and the umbra the 
bottom. More recently Kirchhoff has imagined that spots 
are phenomena taking place above rather than below the 
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leads to an increase of mean annual temperature at the Capo 
Kids euually to a dissipation of sun spots 

Dr W Kdppen, 41 in 1873, discussed at groat length the 
connexion between sun spots and terrestrial temperature, and 
found that in the Tropics the maximum temperature occurs 
fully a year before the year of minimum sunspots; while 
in the zones beyond the Tropics it occurs two years after 
the minimum. The regularity and magnitude of the tem- 
perature wave is most strongly marked in the Tropics 

Mr. Blanford 42 has recently shown that in certain ] ndia-n 
stations a low annual temperature is associated with, it it 
is not caused by, an unusually large rainfall and a great 
amount of clouds This is a result in accordance with 
the conclusions previously enunciated by Professor Piazzi 
Smyth. 13 Records of maximum and minimum temperature 
must not therefore be too closely associated with maximum 
and minimum of solar action 


(4.) /Storms. 

Dr. Meldrum, 44 of the Mauritius Observatory, found in 
1872, from an analysis of the records of about 30 years’ (ob- 
servations, that there are most cyclones in the Indian Ocean 
in years when there are most sun spots, and fewest cyclones 
when there are fewest sun spots. 

In 1878 M. Poey 45 pointed out a similar coincidence 
between the hurricanes of the West Indies and the years 
of maximum sun spots. He enumerated 357 hurricanes 
between 1750 and 1873, and stated that out of 12 maxima 
10 agreed. 

In 1877 Mr. Henry Jeula, of Lloyd’s, and Dr. Hunter ,i; 
found that the per-centage of casualties on the registered 
vessels of the United Kingdom was 1 7| per cent greater 
during the two years about maximum than during the two 
years about minimum in the 11 -year cycle. 


(5.) Rainfall — heights of rivers and lakes 

In 1872 Dr. Meldrum 47 showed that the rainfalls at 
Mauritius (observed since 1851), Adelaide (1839-LSGO), 
and Brisbane (1860-1871), were greater generally in the 
maximum than in the minimum sun spot years Shortly 
afterwards Mr. Lockyer 48 showed that the same law holds! 
with the rainfalls at the Cape (1847-1870) and Madras 
(1843-1849) In 1876 Dr. Hunter, 13 Director General of 
Statistics m India, examined the rainfall at Madras from 
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Royal for the manner in which he has placed all the infor- 
mation bearing on the subject in the Royal Observatory 
at their service. 


(2.) Circular to Solar Observers . 

The Committee after a preliminary inquiry into the nub 
ject matter on which they had been requested to report, 
considered it desirable to communicate with men eminent in 
solar inquiry, with a view of obtaining suggestions and 
ascertaining to what extent they might hope for help. 

The text of the circular letter is as follows :~ 


u Science and Art Department, 

South Kensington, London, S.W., 

Sir, 31st day of December 18SO, 

"I have been requested by the Committee appointed 
to advise on the methods of carrying on observations in Solar 
Physics to forward to you the accompanying; documents. 
You will perceive that the Lords of the Committee of* 
Council on Education have taken into consideration some" of* 
the recommendations of the Royal Commission on the 
advancement of Science* supported by the representations of’ 
various scientific men in favour of the establishment of an 
Institution for research in Astronomical Physics. In the 
first instance, Professors Stokes and Balfour Stewart, and 
General Strachey* R.E.* were requested to report how far 
the observations to which the memorialists refer might for 
the present be conducted with the moans already moxistonoo 
^ lAensxn ^ ton* supplemented by such observations as 

the Indian Government are either already making or might 
be found willing to undertake. ° * 

( “ In consequence of the report of these gentlemen tin; 
Government appointed a Committee consisting of Professors 
Stokes and Balfour Stewart, General Strachey, Rdf. Mr 
Norman Lockyer, Captain Abney, E.E., and' Lieut. -Cob 
Donnelly, R.E., with certain funds at their disposal, to make 
trial of, and advise as to, the methods of carry i m >■ on and 
reducing such observations. ° 

“ This Committee has now been in existence for more t Imn 
a year, and. the main points to which they have directed 
their attention are shown in the printed page of this letter 
It has seemed desirable to them that I should communicate 
to you and others interested in the subject their views 
leg aiding Solar Research, m the hope that you will favour 
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“The Committee hope that they have before them n^lru- 
ments both thermometric and chemical, by which ulti- 
mately a o-ood record of the actinic power of the sun may !><> 
obtained . 0 A printed description of one ot these, the Ihcr- 
mometric apparatus, is herewith enclosed. 

Spectra s cop ic Ohser ratio ns. 

“ The Committee also attach much importance to spectro- 
scopic observations of solar phenomena and laboratory expe- 
riments in connexion therewith. Such observations and 
experiments are now being carried on at South Kensington, 
and a pamphlet is herewith enclosed that will explain to 
you one method which has been employed in dealing with 
sun spot spectra. 


Reductions of Observations. 

“ A simple method of determining from the solar photo- 
graphs the positions and areas of the spots, with a view to 
their subsequent discussion, is at present under the consider- 
ation of the Committee. 

“ The enclosed pamphlet will explain to you in what manner 
the Committee propose to reduce the positions of the sun- 
spots recorded by the Indian photographs. 

“ The Committee have before them an inquiry as to 
whether, besides the recognised sun spot cycle, there may ho 
periodic inequalities common to solar and terrestrial pheno- 
mena. A pamphlet on this subject by a member of the 
Committee following out a method described in a paper read 
before the Royal Society, and printed in the proceedings 
of that Society, is herewith enclosed/’ 

The replies to this circular are published in an appendix 
to this Report. They embody suggestions of much value, 
which have received the full consideration of the Committee, 
and which have assisted them in arriving at those conclusions 
and recommendations which will be afterwards mentioned 


(3.) Correspondence with the Indian Government. 


1 . — Sun Pictures. 

Prior to the appointment of the Solar Pliygics Committee 
a, correspondence had taken place which had resulted in 
daily sun pictures being taken in India. In order tint the 
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wards, it lias been proved that the flames really belong to 
the sun, fiom the surface of which they occasionally extend 
to the height of 100,000 miles or more. These red flames 
may now be seen, by means of a spectroscopic method 
whenever the sun is visible. * 

The spectroscope lias revealed to us the fact that the red 
flames are only the most prominent portions of a coloured 
solar atmosphere, surrounding the sun’s disc to an averao-e 
height of 4,000 miles, which has been termed the chromo- 
sphere, while from observations made during the eclipses of 
1870 and 1S71 there was reason to believe that between 
the chromosphere and photo, sphere there existed a stratum of 
dense metallic vapours 1,000 miles high, by the absorption 
ot which, it was thought, the Fraunhofer lines were produced ; 
this stratum lias hence been termed the reversing layer. 

Beyond the chromosphere and the red flames we have 
the solar Corona, which observation has proved to be, 
in part at all events, an undoubted solar appendage. I 
consists of faintly luminous matter, extending perhaps 
to the distance of a million of miles or more around 
the solar disc. This luminous matter is not, however by 
any means regularly distributed around the disc, nor is 
it always of the same extent and lustre. 


3. Chemical nature of the Atmosphere. — Careful study 
by lvirchhoff and others of the Fraunhofer lines and of 
the bright lines in the lower part of the solar atmosphere 
has shown many of them to be coincident rvith bright lines 
seen in biio spectra of metallic elements common on the 
earth, and it has been concluded, therefore, that these sub- 
stances exist also in the atmosphere of the sun. Many of 
the lines, however, have no terrestrial equivalents, and their 
origin is doubtful. 

The solar atmospheric lines are not all of the same length 
i,6 , they do not all extend to the same distance ft om the sun 
and the various lengths of the lines have rendered it possible 
to determine the locus of the particular substances indicated 
by them. 


Extending 


_ to the greatest distance is an unknown sub- 
stance (but probably a gas lighter than hydrogen), repre- 
sented by a line in the green at 1474 of Kirchhoff’s scale. 
.Next m order of length come the hydrogen lines, and these 
vary among themselves, the blue line E being longer than 
the line C m the red. Then lollow, %iih a constantly de- 


creasing 
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w Jength, the lines of magnesium, calcium, and 
sodium, and these are succeeded in the lowest part of the 
atmosphere by a crowd of lines representing a great number 
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proposed. The other instruments may also be sent to 
England, and will be placed in the custody of the bcience 
ancf Art Department which has offered to take charge of 

them, . Q 

1 have, <&c. 

(Signed) S vli sbURy - 


India Office, Westminster, S.W\* 
g IRj 24th October 1817. 

With reference to my letters of the 3 1st August 
and loth September regarding the engagement of M r. 1VT. 
Meins as solar photographer in India, I am directed by the 
Secretary of State for India to forward herewith, for your 
information, copy of a despatch, which has been addressed 
by his Lordship to the Government of India, from which 
you will perceive what steps have been taken to carry oxit 
the suggestions and recommendations made by you with 
regard to the observation of solar phenomena in India. 

I am also to acquaint you that a communication has been 
made to the Astronomer Royal from this office, reqnosting 
him to favour the Indian Government with the loan of a 
photoheliograph tube to replace the one about to bo sent 
home for examination. 

His Lordship considers that Mr. Meins should take with 
him a sufficient supply of chemicals to enable him to com- 
mence his observations with as little delay as possible on 
arrival in India. I am to request you, therefore, to be good 
enough to state what steps you would propose to take to 
ensure the provision of the necessary chemicals, and to 
charge yourself with the task of purchasing an adequate 
stock at a cost not exceeding 30/. 

I am to request you, in conclusion, to inform Mr. Meins 
that he should hold himself in readiness to proceed to 
Calcutta about the beginning of November, and that rtn 
advance of one month's pay, calculated at the exchange of 
Is. 9hd. to the rupee, will be made to him. 

I am, &c, 

_ (Signed) Louts Maixet. 

J. Norman Lockyer, Esq., F.R.S. 


On the 11th December 1877, Professors G. G. Stokes and 
Balfour Stewart and General Stracliey, in a letter wliioh 
they addressed to the Right Hon. Viscount Sandon, M. E*., 
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years of minimum sun spots correspond to years of fewest 
magnetic storms. 

3. Their distribution over different months of the 
year .-- Sir E. Sabine 11 in discussing the results of the 
colonial observatories has shown that magnetic storms are 
unequally distributed over the various months of the year. 
In Toronto there is a manifest preponderance of such storms 
about the equinoxes, while at St. Helena there are likewise 
subsidiary maxima at the equinoxes. At Hobarton, how- 
ever, there is a manifest annual inequality, with hardly 
any traces of maxima at the equinoxes. 

Mr. J. A. Broun, 15 by a somewhat different method of 
treatment, has shown that at Makerstoun in Scotland the 
mean disturbance of magnetic declination has its maximum 
at the equinoxes. 

4. Their simultaneity at various stations. — It was 
known at a comparatively early epoch that magnetic dis- 
turbances occuned simultaneously at widely separated 
stations Alexander von Humboldt was the first to observe 
this, and the observation was fully confirmed by Gauss and 
Weber, and by subsequent observers. 

5. Professor Loomis’s remarks . — Professor Elias Loomis, 10 
from a^ discussion of 135 cases of magnetic disturbance, 
embracing all the great magnetic disturbances regarded as 
such at Greenwich for a period of 23 years, comes to the 
following conclusions : — 

(a.) Great disturbances of the earth’s magnetism are 
accompanied by unusual disturbances of the sun’s 
surface on the very day of the magnetic storm. 

(b.) The great disturbance of the sun’s surface which ac- 
companies a terrestrial magnetic storm is gene- 
rally heralded by a smaller disturbance three or 
four days previous, succeeded by a comparative 
calm which immediately precedes the magnetic 
storm. 


(2.) Auroral Displays. 

1. These accompany magnetic storms . — While auroral 
displays are very frequent, if not continuous, near the 
magnetic pole, it was early observed that in lower lati- 
tudes they are accompaniments of magnetic storms. 

2. Their distribution over various years . — Loomis and 
others have shown that we have most frequent auroras 
during years of maximum sun spots, and that they are 

E 824. b 
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of the European photographer may be guarded against in the 
future. 

It is believed that skill in the necessary manipulations for 
successful photography could be readily acquired by in- 
telligent natives, and that when this had been done further 
assistance from this country for the supply of photographers 
would not be needed. 

I have, &e. 

(Signed) G. G. Stokes. 


This letter was submitted by the Secretary of State for 
India, in Council for the consideration of the Government 
of India, and in February 1880 the India Office acquainted 
the Committee with the measures taken to resume the 
series of daily photographs of the sun’s disc, viz., that 
Major General J. T. Walker, Surveyor - General of 
India, had expressed his readiness to undertake the solar 
photography as a part of the operations of the Trigono- 
metrical Survey Office at Dehra, under the supervision of 
Mr Hennesey, hut that he inquired as to the desirability 
of taking larger pictures than those now obtained from the 
photoheliograph. In compliance with Major General 
Walker’s suggestion, the appointment of a European surveyor 
of the 2nd grade as solar photographer was sanctioned, 
and the India Office requested the Solar Physics Com- 
mittee to give their opinion whether photographs on a 
larger scale might he preferably taken. 

As to this point Mr. Lockyer undertook some preliminary 
experiments, and in August 1880 the Solar Physics Com- 
mittee reported to the India Office that by a small outlay 
the photoheliograpli in use in India could be made of more 
practical use. The alterations would consist in replacing 
the magnifying lens by one of shorter focus to enable photo- 
graphs of the sun to be taken of eight inches in diameter 
instead of the pictures of four inches diameter hitherto 
obtained. The Committee proposed to transmit specimens 
of photographs on this larger scale. Details of the further 
action taken, in concert with the India Office, to provide 
an efficient instrument for solar photography in India will 
be found under the sub-section relating to the photo- 
heliograph. 

In the month of November 1880 it was reported that the 
work of solar photography was being carried on syste- 
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maximum and minimum declination ranges corresponding 
to years of maximum and minimum sun spot frequency 
In the same year Dr. Wolf 21 ' and M. Gautier 25 independently 
remarked the same coincidence. J 

Professor Loomis 20 has confirmed this by bringing too-ether 
and comparing declination ranges and sun spots from° 1777 
to 1870 inclusive, and he has made a similar comparison 
between auroral displays and sun spots. 

Mr. Ellis 27 has shown, from a discussion of 37 years’ obser- 
vations at Greenwich, that the diurnal ranges of horizontal 
force as well as of declination vary directly with the 
frequency of sun-spots. 

_3 Their dependence on the position of the sun. -In 
middle latitudes declination ranges are greatest in summer 
and least m winter. 28 _ The form of the solar diurnal varia- 
tion of declination is in the southern hemisphere the 
reverse of what it is in the northern. 38 

o T^ r ' ® 10un ^ ias s ^ l0wn (as was first indicated by 
babine ~ ) that at the equator the form of the solar diurnal 
decimation variation reverses itself at the equinoxes at 
which time there is an extinction of the mean movement 20 

. 4 - Correspondence between the shorter sun spot inequali- 
ties and the shorter declination range inequalities. 

Professor Stewart 00 has exhibited the intimate nature of 
this correspondence, and endeavoured to show that the de- 
cimation range inequalities invariably in point of time la<* 
behind corresponding solar inequalities ; a result which has 
since been to some extent confirmed by Mr. Ellis. 81 

Mr. Ellis has likewise shown a similar correspondence 
between solar inequalities and the inequalities of the hori- 
zontal component of the earth’s magnetism. 

5. Suspected progress from west to east of declination 
range 'inequalities. -Shortly before the appointment of the 
oolar Physics Committee, Professor Stewart, in conjunction 
with Morisabro Hiraoka, 33 brought evidence to show that 
decimation range inequalities travel from west to east, 
and faster than ordinary weather. In this respect Tre- 
vandrum was found to lag 9-7 days behind Kew. This 
lias since been confirmed by comparing together the decli- 
nation ranges at Kew and Prague, and, lastly, by a com- 
parison of the declination ranges at Toronto and Kew. 

6. Comparison between the declination curves at Stonv- 
hurst and Kew . — A limited comparison of this nature has 
been made by the Rev. Walter Sidgreaves and Professor 
Stewart/ • who found that during times of comparative calm 
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fully in accord with the Famine Commissioners as to tire 
importance of following up such clues as they al torch °f 
pursuing with all the means at our command the investiga- 
tion of the class of phenomena to which they belong. It hay 
happened again and again in the past history of science* that 
hypotheses which, in their original form, were more or loss 
erroneous, have nevertheless been most fruitful in their 
results. In giving system and definite purpose to research., 
thev have served a most useful office; and, although the 
course of their verification may have resulted in demonstrat- 
ing their error, the same process has brought to light the 
germs of new and unsuspected truths, which might have 
long remained hidden but for the stimulus to investigaaiem 
afforded by rejected theories. 

“ One branch of inquiry, which has undoubtedly received 
much stimulus since the supposed variation of the rain I sill 
with the sun-spot cycle, has brought into vivid prominence 
the unquestionable fact that all meteorological phenomena 
depend on, and must vary with, the solar heat, is that of the 
physical changes of the sun itself, and the probable variation 
of its radiant intensity. The visible physical changes of the 
solar surface are a subject for which data are being collected 
by the officers of the Great Trigonometrical Survey under 
General Walker, and I understand that new and more 
powerful instruments than that hitherto employed will be 
placed at their disposal for photographing the solar disc as 
soon as they can be obtained from England. Mr. Hennescy* 
of the Great Trigonometrical Survey, has also made important 
observations on the radiant energy of the sun, and I have 
lately had compared at the Alipore Observatory a Stewart’s 
actinometer which has been sent to him for carrying on these 
observations with greater advantage. Observations with a 
similar instrument have been made regularly at the Alipore 
Observatory during the past year, and have been lately sent 
home to the Solar Physics Committee for examination and 
discussion, I intend to continue these observations, which 
can hardly fail to yield some facts of value; blit die skies 
of Calcutta are by no means favourable lor such work : and 
therefore preliminary steps have been taken to obtain act i no- 
metric observations from Le, the elevation and clear atmo- 
sphere of which station promise most satisfactory results. 
An actinometer has been received from home for use at JLe, 
and is now being compared at Alipore, and I have been in 
communication with Mr. Ney Elias (who has promised to 
superintend the work) with a view to the final amm mo- 
ments. 53 

" The only step of importance that lemains to be taken 
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an immediate graphical and visible indication of the power 
of the sun, should also bo employed. Now of this latter 
instrument wo have no knowledge in India, and although 
we might train an observer to the use of the Stewart actino- 
meter without much difficulty, in order to learn the use of 
the latter instrument, it would be necessary that he should 
receive his training at home. Moreover, an intelligent man, 
trained at the head- quarters of an observatory devoted to 
=>olar physics, would be more likely to acquire an intimate 
and personal interest in the objects of the inquiry than one 
picked iip in India, and furnished merely with such tech- 
nical training in the use of a single instrument as we could 
give him here ; and of the beneficial influence of such per- 
sonal interest on his work, and in preserving him from the 
temptations to which I have alluded, there can, I think, he 
no question. 

“ I would recommend then that the Secretary of State bo 
moved to sanction the selection by the Solar Physics Com- 
mittee of a sapper of good steady habits and marked intelli- 
gence, and that he be trained to his woik in the manner 
proposed. His salary could he settled at home ; it should 
not be less than that paid to the sapper sent out to take the 
solar photographs at Ilelira. Indeed it should be somewhat 
more. On this point, Mr. Elias remarks: — 

“T hope you will move Government to grant him good 
pay, otherwise he will be very uncomfortable here, for 5 his 
expenses would be much greater than in India (except for 
rent), and if discontented he is not likely to have his heart 
in the work.” 

“ 1 would also recommend that the Secretary of State be 
moved to sanction the provision of the instrument devised 
by Mr. Winstanley, to which reference has been made ; it 
should be verified and approved by the Solar Physics 
Committee.” J 

he Government of India in reviewing the f'orc°’oin cr 
report remarks : — ° ° 

“ Tlie request for a scientific assistant to the Meteorological 
Importer has before been under the consideration of° the 
government of India. The need of such an officer was 
recognised, but final decision of this matter had, in 1879, to 
be postponed owing to financial pressure. The Govern- 
ment of India now considers that for the improvement of the 
meteorological reports on the lines of the Meteorological 
porter s proposals the permanent addition of another scien- 
tific officer to the department is indispensable. It is most 
desirable also to provide that in case of the Meteorological 
importer s sickness or absence from head-quarters the daily 
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effected, perhaps, in the best way by the observation of 
thermometers whose bulbs are deeply sunk in the earth. 

“Two days past I transmitted to your address a copy of 
‘ Reduction of Greenwich Meteorological Observations 
1854-1873, 1849-1868, and Earth Thermo meter. .v, 1847- 
1873.’ ^ I ask leave to call your attention to Plate IX. and 
Plate X. of that work, and to remark the following inferences. 
First, that the varying warmth of the surface, travelling 
downwards . with diminished power (as is shown in both 
plates), originates from an external cause, which cause in all 
probability is the solar radiation. Second, the mean tem- 
perature of the surface and of lower strata (as is .shown in 
Plate X.) varies considerably from year to year, indicative/ 
considerable variation in the energy of the external cause, 
which (as is mentioned above) I conceive to be the solar 
radiation. 

“ Thermometers of this kind were first introduced at Paris, 
and that example was followed successively at Edinburgh 
and at Greenwich. I know not whether any observations 
of the Paris thermometers have been published Those 
made at Edinburgh (which arc very complete) arc published 
by 1 rofessor Piazzi Smyth ; they agree closely in their 
results with those at Greenwich. But the Edinburgh 
thermometers were destroyed about three years past by 
the act of a maniac, and those at Greenwich alone are in 
existence and active use. 

The outfit expense of these thermometers is small, and 
the trouble of using them is almost nothing. It appears to 
me very desirable that they should be introduced in the 
scheme of Indian observations/’ 

Mr. Henry T. Blanford, Meteorological Reporter to the 
Government of India, writing in 1881 to the Secretary to 
the Government of India Home Revenue and Agricultural 
Department, remarks : — 

ff Another ^class of observations which I have undertaken, 
and which Sir George Airy considers may be useful in 
throwing light on the question of the variability of the suns 
heat, are those of the temperature of the ground. 

“ These observations have now been made at Aliporc for 
three years and for one year at Allahabad. That t.liev will 
prove of great importance in connexion with meteorological 
inquiry I entertain no doubt, and indeed they have already 
yielded some facts of considerable interest which have been 
noticed in my official reports. Whether, however, the 
variations of temperature _ which have been observed have 
direct reference to the variations ot solar radiant snercy is, 


38 


] O-mch by ] O-inch plates. These additions to the instru- 
ment could ho sent out and fixed in India, and could be <mt 
ready within six weeks from the receipt of the order. Wo 
are of opinion that the above described alterations of the 
photoheliograph in India would be of considerable service 
in forwarding research in solar physics, and we recommend 
their adoption. 

As to the opinion which General Walker appears to have 
formed that a more powerful instrument should be, if possible 
employed m India, we would remark that from the experi- 
ments which _ we have been making at South Kensington, 
wo are of opinion that an instrument to give pictures of the 
inches in diameter could he employed without any 
difficulty m India. 

“ Such pictures have been taken at South Kensington with 
an instrument for a great part of which we arc indebted to 
loans ; but we believe that a thoroughly efficient instrument 
could be constructed for 500/., and if that amount he placed 
at our disposal we will 1,0 glad to give the necessary super- 
vision m the construction of an instrument to be sent to 
India . 


. same time, as, for the objects more immediately 

in view, the 8-inch pictures will no doubt suffice, we are 
anxious that it should be understood that wo in no way ur-m 
the construction of the instrument for 12-inch pictures at 
the present time if there should be any financial or adminis- 
trative objections to such a course. 

1 The India Office at once sanctioned the expenditure 
necessary lor the improvement of the existing instrument, 
and after communication with the Government of India 
accepted the Committee's offer to supervise the construction 
01 jL mo ^ e efficient instrument at a cost not exceeding 500/.” 

lhe Committee, whilst anxious to give effect to the wishes 
o the Government of India, were hindered by the serious 
dlness of Mr. Dallmeyer from obtaining the modification 
of the small photoheliograph, and they therefore placed 
their own modified apparatus at the disposal of the Indian 
Government upon their undertaking to defray its cost, and 
subsequently under similar circumstances the lar*o photo- 
heliograph belonging to the Science and Art Department 
was made over to the Indian Government* 
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The above instruments were in use by Mr. Norman 
Lockyer in his laboratory, in the science schools, or in his 
observatory. 

12. A small Gramme dynamo-electric machine with a 
3 h.p. Brotherhood engine. 

13. A Gramme hand lamp and the necessary connexions 

14. A large spectrum grating of 1] inches square and 

17,280 lines to the inch 

15. A smaller grating about half the size and 8,640 lines 

to the inch. 

16. A prismatic spectroscope with a power equal fo seven 
prisms. 

17. A heliostat by Spencer, of Dublin. 

The above, together with the necessary equipment of 
cameras, all the property of Captain Abney, were in use in 
his laboratory. 

2. — Instruments lent by the India Office 

Soon after the appointment of the Committee some instru- 
ments, which had been returned from India, with a view to 
their better preservation, and had been with this object 
transferred to the custody of the Science and Art Depart- 
ment, were placed at their disposal. 

These instruments were as follows . — 

1. A 6-inch telescope, equatorially mounter! with declina- 

tion, right ascension, and setting circles and finder 
complete, by Cooke, ofYoik. ' To this instrument 
two spectroscopes belong, the one a stellar spectro- 
scope, the other a solar spectroscope, having a dis- 
persive power of 18 dense flint glass prisms 'of* 60° ; 
these were made by Hilgcr, of London. Those 
instruments are the property of the India Office. An 
adapter has been made so that the grating spectro- 
scope above mentioned can be used with this instru- 
ment. 

2. A small transit instrument. 

3. A standard and two journeymen clocks. 

4. A chronograph. 

The equatorial was erected in 1879, and has been in con- 
stant use ever since. The other instruments are still in the 
Science Museum, with the exception of the clock, which has 
been withdrawn for use with the Transit of Venus Expedi- 
tions. " r 
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^.—Alterations lo Smalt Photohelioijraph* 

When the Indian Government suggested that it woiihi !>• ■ 
desirable to have larger pictures taken in India, oxj xu*im« n i • 
were tried with the photoheliograph belonging to the Ifoyrd 
Observatory, and it was found that by slightly lungdu n 
ing the cone and using a new secondary magnifier it <amhl 
be made to take 8 -inch pictures. 

Asa result of these experiments a now camera, t*nd and 
new secondary magnifier ha\e been sent to India In la* 
adapted to the instrument already in that country. 

6 . — Add i tio n a l Li s fr amen ts . 

It will be seen from the list previously given tbal lie* 
instruments in use have for the most part been placed at tie* 
disposal ol the Committee either by Government 1 )opai t 
merits, the Astronomer Royal, or private individuals. 

Since the appointment of tlic Committee other in dm 
ments besides those already referred to have boon planed m 
its disposal for occasional use. These have in many cam* 
been purchased by the Science and Art Department lor ime 
m the science school. Among tlic most important of tin* e 
may be mentioned : — 

1. A Stewart actinometer (the standard instrument.) made 
by Casella. 

2. 10-inch object glass by Cooke. 

3. Intensity and quantity coils by Apps. 

4. Measuring machine by Hiller. 

5. Spectroscope by Cooke. & 

6. 15 by 15 in. camera. 

dynamo-electric machine and lamp lent to Mr. Look 
yer by Dr. Siemens have since boon * purchased for tlin 
Department, and the smaller photographic lens has I men 
mounted as an observing telescope for use with a lar*»o 
spectroscope. 


7. — New Sites for 


Temporarjj Bui Id hips at Sout/i 
Kensington. 


<0 

in 


The Science and Art Department, in consequents 
representations made to them by the Commit, fee -umlim? 
Apnl 1880 to (he Board of Work, 1W pirniS, T,! mU];., 
Die vacant ground behind the post office in the Exhibition 
Ttoad; permission was granted for the erection of ten rv 
wooden buildings, and accordingly a room for phologni/i.J- 
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letter was circulated by desire of the Committee iu July 
1881 

Science and Art Department, 
London, S.W., 

SiR, 13th July 1881. 

# 0^ the 31st December last the* Committee appointed 
to advise on tlie methods of carrying on Observations in 
Solar Physics had the honour of addressing you on th e 
subject of their work, and the catalogue of aim pictures; 
referred to in that communication has since been forwarded 
to you. 

As one of the objects which the Committee consider very 
important is to bring together the Solar information which 
at present exists, they are very anxious to know whether it 
will be in your power kindly to assist them in this task by 
making very simple measurements of the areas and positions 
of sun spots, from the pictures which you possess, such as 
aie specified in the catalogue of sun spots already mentioned. 
Phe number of observations sought would be reduced to a 
minimum, while the amount of precision required for the 
purposes of the Committee would not be very great. I i' you 
consent to afford your valuable assistance in the manner thus 
indicated, the Committee will be glad to enter into commu- 
nication with you, with a view to discuss details. 


This letter was sent to the following • 

- * - - rt * 


S r Vr Bl ^ ( n C,linj ^ le Observatory, Moscow, Russia. 

p/; Ellei 7, F-R-S., Observatoxy, Melbourne, Australia. 

U Meldriun, F.R.S., Observatory, Mauritius. 

Professor Pickering, Observatory, Cambridge, U.S.A. 

Dr. Smysloff, Observatory, Wilna, Russia. 

Tlie replies received by the Committee to this circular arc 
nhS, t0 evince the greatest readiness in all these solar 
obseiveis to aid the Committee as far as they possibly can 
In consequence of this valuable co-operation it is oxmrUM 
that the labour of collecting and publishing the solar infor 
mation which at present exists will be materially rcKhVod. 


measurement of 


o 


piepared to deal with the lar^e number of /].nlv i 

to be expected when the various observatories' l> wh * 

already promised co-operation are in full work. uc 
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subsequent action of the Committee may be made quite 
Cxear, this correspondence and the Memorandum which gave 
rise to it are given in this place. 


Memorandum by Mr, Lockyer, 

26 June 1877. 

In accordance with the request made to me , I beg to 
send the following remarks on the Despatches dealing with 
the Indian instruments : — 

1. Let me premise that solar research is now being 
specially carried on in Europe at — 

(L) Potsdam, in the new Sonnenwarte. 

(2.) Paris, in the new physical observatory. 

(3.) Rome and Palermo. 

(4.) South Kensington, in connection with the Science 
and Art Department. 

(5.) At Greenwich, Wilna, and other places it is carried 
on in a less special way. 

2. In these European observatories, however, especially 
in the more northern ones, we are attempting to make 
bricks without straw, that is, the climate is such that the 
observations are often interrupted, at times for weeks 
together, while, in addition to this, in winter the sun’s 
altitude is so small that fine work is impossible. 

3. While this state of things holds in Europe, in India, 
on the other hand, one has an unlimited and constant supply 
of the raw material, by which I mean that here one can, if 
one chooses, obtain observations of the finest quality in 
sufficient quantity all the year round. I may even go further, 
and say that, limiting my remark to English ground, we have 
in India a monop ly of the raw material. 

4. I learn from the papers sent to me, that although 
most of the necessary instruments are already out in India, 
there is no immediate prospect of the establishment of a 
solar observatory on an extended scale for the purpose of 
securing observations over the whole field. 

5. Although students of science cannot but regret that 
this is so. still there is no doubt that the new European 
establishments to which I have referred, and the proposed 
Russian observatory north of the Himalayas, render observa- 
tions in India, over the whole field, of less vital importance 
than they were when the Indian observatory was first 
suggested. 
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to the period of maximum sun spots and will allow ot a 
comparison being made with the results obtained in India, in 
1871. 

“ There is one new point (it is not necessary now to refer 
to the importance of registering the ordinary phenomena) to 
which I beg to invite the attention of the Committee. 

“ The discussion of the sun spot spectra recently observed 
at Kensington and of the prominence spectra observed at 
Palermo by Tacchini since 1872 throws some doubt upon the 
validity of some of the conclusions based upon the results 
obtained by the English and American Government Eclipse 
Expeditions in 1870. 

“ In that year at the moment of the disappearance of the 
sun a large number of bright lines was seen to Hash out, and 
it was supposed that these lines composed the spectrum of a 
thin layer near the sun and were those the reversal of which 
produced the lines of Fraunhofer. 

“ Hence this layer has been termed, and generally accepted 
to be, the reversing layer. The conclusion seemed to bo in 
harmony with the results obtained by Dr. Frankland and 
myself who gave reasons for showing that the region in 
'which the absorption of the elementary bodies of greater 
atomic weight than hydrogen, magnesium, and sodium must 
be below the chromosphere. This view was put forward at 
a time when the elementary nature of the so-called elements 
was never questioned, and before any of the recent results 
had been obtained. 

“ The observations made by the Government Eclipse Expe- 
dition which went to India in 1871, showed that this flashing 
out of lines was a real phenomenon, but as the observation 
was a general one, and as during the eclipse the Fniunhofcrie 
lines were invisible, there was no absolute demonstration of 
the identity of the two spectra. 

“ The facts, now beyond question, that qua the same element 
the spectra of spots and flames differ, and that the spot 
spectra differ widely among themselves, throw great doubt 
upon, the conclusion to which reference has beem made. 

ec First, they seem to indicate that some of the absorption 
takes place at a higher level than that occupied by the so- 
called reversing layei\ 

“ Secondly, they seem to indicate that many of the brightest 
lines seen during the flash to which reference has been made 
may be those seen thickened in spots or intensified in the 
prominences, although they do not occur except as exces- 
sively faint lines among the Fraimhoferic linos. 

“ In short, in 18/0 the fact that the spot and prominence 
spectra are so widely different from the ordinary solar spec- 



28 


the value of the advice I can give, but I am second to none 
in the anxiety I feel for the progress of this work. 


From the Secretary of State for India to the Governor 
General of India in Council . 

India Office, London, 

My Lord, 28th September 1877. 

Para. 1. With reference to your Industry, Science, 
and Art Despatch, No. 3 of 1877, dated 16th Februaiy, 
requesting that the instruments recently in use at Roorkee 
observatory might be forwarded to this country, I have to 
acquaint you that 1 have received from Mr. Lockyer, well 
known in connexion with the study of solar physics, a 
memorandum* on the subject of the photoheliograph, a copy 
of which is forwarded herewith. 

2. Having considered the suggestions made by Mr. 
Lockyer, and viewing the fact that a study of the condition 
of the sun's disc in relation to terrestrial phenomena has 
become an important part of physical investigation, 1 have 
thought it desirable to assent to the employment, for a 
limited period, of a person qualified to obtain photographs 
of the sun’s disc by aid of the instrument now in India,, on 
the terms explained in the lctlerf that I have caused to be 
addressed to Mr. Lockyer, a copy of which is enclosed. 

3. The photographer engaged for this duty will leave this 
country about the beginning of November, and on arrival 
may probably be best placed under the orders of the 
Superintendent of the Trigonometrical Survey, who, in 
communication with Colonel Tennant, might propose for 
the consideration of your Excellency’s Government the 
detailed measures for giving effect to the plan of operations 
suggested by Mr. Lockyer. 

4. It will be distinctly understood that the expense of 
making these observations shall be restricted to what is 
essential for obtaining the photographs, and that no outlay 
is contemplated for buildings or other appliances other than 
of a purely temporary character, the cost of which will he 
comparatively insignificant. The photographs will he sent 
to this country for future examination. 

5. The stand of the photoheliograph will be retained in 
India, and a fresh tube will be sent there to replace that 
used by Colonel Tennant, which should be sent here as 

* Dated 26lli .Juno 1877. 

] Dated 1 5th September 1877. 
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voured to show that as a matter of fact such views are 
borne out by the phenomena of terrestrial magnetism and 
meteorology, but more conspicuously by those of terrestrial 
magnetism. 

Mr. Lockyer came next, and lectured on the Chemistry of 
the Sun. 

The last series was given by Captain Abney, who lectured 
on Spectrum Photography. 

These various courses of lectures are published m 
« Nature,” 55 which may be referred to for details. 


Eeseaech Woek. 

(].) Solar Phenomena. 

1 . — Photohelior/rrcph. 

Whenever conditions were favourable, photographic pic- 
tures of the sun were taken with the smaller photoheliograph 
until it was dismounted for service with the Eclipse Expe- 
dition, and subsequently the Transit of Y onus Expedition. 

The larger instrument has been tested amd transferred to 
the Indian Government, which has sent it out to Dehra- 
Doon, in the North-West Provinces of India. 

The new instrument now in course of construction will be 
used for taking large pictures of the sun and photographs oi 
the spectra of spots. 

2 . — Spectroscope 

a . — Observatory Work with Spectroscope 

a. By means of one or other of the equatorials the spec- 
trum of spots is examined as frequently as possible, and 
occasionally a search is made for prominences. Eye obser- 
vations are also made. 

d. The siderostat and a three prism spectroscope have 
been used for photographing the spectrum of sun spots. 

b. — Laboratory Work with Spectroscope. 

The laboratory work has for its chief object the com- 
parison of the lines in the spectra of chemical substances 
with those observed in the spectra of the sun and stare.. 
The routine work consists in obtaining a complete series of 
comparisons for each substance throughout the whole length 
of the spectrum, photography being employed as much as 

possible. , . 

The reduction of the observations for the first portion oi 
the complete map having shown that there is strong reason 
to suppose that the elements are in reality compound 
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by themselves. The various appearances of lines during 
reversal were also examined 

c .— Discussions and reductions combining Observatory tzticl 
Laboratory Work with Spectroscope. 

The routine discussions are as follows : 

a. Discussion of the coincide nee or n on- c o I n cid e 11 c o of 

metallic and metalloidal lines with the Fraunhofer lines. 

b. Discussion of the lines seen affected in spots niicl 
storms, and of the corresponding lines in the spcoti***, of 
metals. 

<?. Discussion and mapping of all the observations recorded 
in the case of each metal for all ranges of temperature, xxrxcl 
comparison of lines with the Fraunhofer lines. 

d. Discussion of snn spot observations. 

e. Deductions necessary for the large solar spectrum ixmp 
now in course of construction. 

The occasional discussions have been as follows : — 

ti. A comparison for the region between * 4120*0 an <1 x 
4390*0. General result that within this region 38 lines linve 
been found common to two or more metals. 

b . The lines of the various metals given in ThaleiFfs li&t 
have been compared together; with the result that 14*0 
lines having identical readings in, at least, two spectra 1 nave 
been noted. In a few cases the truth of those coinciden ces 
has been tested by eye observations; and in others by refer- 
ence to the photographic evidence. 

c. A discussion of the lists of lines for the region bet vv* een 
B and b seen by Young at Sherman in spots and storms 
has been made. 

d. Discussion of the observations of the first spot examined 
at South Kensington has been completed and published sxs 
an appendix to the Deport of the Committee, as illustrating 
the method which they consider should be adopted it\ td l ese 
observations. 

e. Discussion of a series of photographic comparisons made 
by Dr. Doscoe of Owens College, Manchester, of the solar spec- 
trum with the spectra of metals. Undertaken with a view 
of seeing what coincident lines arc present in the region 
between b and >. 4660*0, and of examining whether the coin- 
cidences can be traced to impurities. 

d. — Work Published ( Spectroscopic ). 

The following is a list of the papers on the subject of 
spectroscopic work recently communicated by Mr. lioolcyer 
at the desire of the Committee to the Royal Society. 
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the sun which have been accumulated since the year 1869 a 
Las led Mr. Lockyer to the conclusion that the views gene- 
rally held with regard to the nature of the solar atmosphere 
— views already stated on pp. 10 and 48 of this repoil- - 
are erroneous ; and he has for the last two years bees* 
investigating an hypothesis which he first put forward in 
1873. °This hypothesis supposes that at the temperature of 
the sun the chemical elements with which wc are acquainted 
here are broken up into finer groups of matter, and that otvr 
elements, if they exist at all in the sun, only exist m the 
higher, and therefore colder, parts of the sun’s atmosphere^ 
and that the vertical currents of the sun luing down the 
formed material to be dissociated in the lower reaches, 
whence by virtue of its reduced density it reascends to 
become formed material again at the appiopriate lioat- 
level. 

A detailed discussion of the manner m winch the 
two hypotheses include the observed solar facts has led 
him to the conclusion that the new hypothesis has a 

decided advantage over the old one in this particular : 

Phenomena observed both in the laboratory and in the 
observatory, and on the eclipsed and non-ccl ipsed sun, which 
are almost inexplicable on one view follow quite naturally 
from the other 

Mr. Lockyer points out, therefore, that the new view, even 
if inaccurate, is simple and sufficient as a working hypothesis, 
and that the main difficulties which beset solar observers 
when they attempted to harmonize the spectra of the various 
regions of the sun with the spectra of the various chemical 
substances visible in their laboratories have now almost 
entirely disappeared. 

The view of the construction of the solar atmosphere to 
which Mr. Lockyer has been led may he stated as follows. If 
the atmosphere of the sun were quite tranquil, and if we could 
see the spectrum of a section of it, we should see it divided 
into an almost innumerable number of layers, each with its 
appropriate spectrum. So far from each substance (with 
some notable exceptions), as determined by a spectral line, 
extending very far above or below its normal position, it 
would be confined to one heat-level, and the spectrum t aken 
as a whole would get simpler as we approach the photo- 
sphere from without. The metallic elements instead of 
existing as such in a so-called reversing layer ” resting on 
the photosphere, are entirely broken up there, and their 
germs are distributed throughout the atmosphere, the mole- 
cular groupings getting more complex as the distance from 
the region of greatest heat increases. The Fraunhofer 
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mulates in the higher latitudes till it has sufficient power to 
occasion a discharge. He regards the earth as an pron- 
to a Leyden jar, the lower portion of the atmosphere f< mining 
the dielectric, while the higher portion bears some unahm\ 
to the exterior metallic coating of a jar; only ^ the air in the 
higher regions is far from being a good conductor, like the 
tinfoil of the jar, and merely opposes a very much m mil 1 «t 
resistance to a disruptive discharge than does the «!en < r 
portion below. Thus when the difference of tension botw ern 
the upper atmosphere over one region and that over huh" 
other more or less distant region becomes sufficient, u du 
charge takes place. The opposite electricities, proviouds 
bound by induction at the surface of the earth, being 
thus set free, a redistribution takes place, giving* rise to <*ai t h 
currents; and the assemblage of currents partly terrestrial, 
partly atmospheric, form very nearly closed circuit-, am! 
exercise magnetic influence at a distance, giving* rise to m.“ 
netic disturbances. When the sun is unusually disturbed, 
the intensely heated portions of matter which come up from 
belowtothe sun’s surface cause increased radiation, espeeiaih 
as regards rays of high refrangibility, and this, being in part 
absorbed in the upper regions of the earth’s atmosphere, is 
supposed to render them better conductors, or rather to cam e 
them to oppose less resistance than before to disruptive di- 
charges, facilitating thereby displays of aurorae, and occa 
sioning the earth currents and magnetic disturbances, which 
on this theory have their origin in auroral discharges. 

2 . — Analysis of Fluctuations. 

L Long-period fluctuations . — Professor Stewart and Mu 
Dodgson have attempted to analyse the recorded diurnal 
ranges of magnetic declination from 178 1 to 187(5. The 
results obtained indicate that 93 years’ observations arc not 
enough to enable us to analyse satisfactorily the long-period 
fluctuations of this element. 

2. Short-period fluctuations . — In one of the sippem live- to 
this report, page 173, there will be found the description by 
Professor Stewart of a method of detecting unknown met pm 
lities in a mass of observations. 

In the same appendix there will be found an attempt Lv 
Professor Stewart to show that certain fluctuations of sun u ,ot 
activity indicated by a certain specific method of treatment 
have time-periods and epochs of maximum very nearly coin 
eidem with the time-periods and epochs of certain (luchm 
tions of diurnal temperature range at Toronto obtained by * a 
similar method of treatment, the peculiar connexion between 
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matically at the Trigonometrical Survey Office at Dehra 
■Uoon, and that that office possesses a sufficient number of 
employes to carry on continuously for the future the daily 
photographs of the sun, the taking of which was resumed in 
ccein ei 1.8 *79. bince that date there has been a weekly 1 ' 

despatch of pictures from India to England. At least two 
negatives have been taken daily in fair weather, besides 
runs, to show the state of instrumental adjustment. Silver 
prints have been made o£ all the negatives. A system of 
despatch in batches has been adopted by which the loss of 
an entire consignment would leave half of the daily results 
for any week available as a continuous record. 

2 . — A ctino me try. 

Professors Gr. Gr. Stokes and Balfour Stewart and General 
btrachey, in their letter of the 11th December 1877 to the 
Eight Hon. Viscount Sandon, M.P., after commenting upon 
the suitability of Northern India for a scries of systematic 
observations of the sun, remark : — 

“Moreover, the clearness of atmosphere, as judged by the 
eye, which frequently attends great elevations is bv no 
means the only advantage which such situations offer" If 
the varying condition of the sun does really affect the 
meteorological state of the earth, it can hardly he doubted 
that it must be mainly, if not exclusively, through a varia- 
tion in the amount of heat radiation The existence of such 
variations may possibly be inferred with greater or less 
probability from variations in the amount of sun spots or 
•other visible changes ; but this could only be as the result 
of a long continued series of observations, and even then 
the connexion might remain more or less conjectural. The 
natural course would he to attempt a direct measure of solar 
radiation by some form of actinometcr. The subject of 
actinometry is not sufficiently advanced to allow us to say at 
once what is the best form of instrument, and what the 
best mode of using it.. But there is eveiy reason to hope 
that a thoroughly satisfactory instrument could be devised 
after some further trial. Whenever the mode of observation 
sliall have been completely settled it will become a matter 
of the utmost consequence to choose a station of great 
elevation, whore as much as possible of the lower strata of 
tha earth’s atmosphere shall be got rid of. It is only in 
low latitudes that this advantage can be secured without 
going above the region of human habitations. This con- 
sideration again points distinctly to Northern India as a 
locality eminently suitable for continuous observations. It 

C 2 
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nt the latter place at all events the observations are confined 
to a restricted part oi: the spectrum. 

We recommend that communications should he opened 
with observatories where such work would be likely to he 
prosecuted, suggesting simultaneous observations on a definite 
plan for a limited period, say for the next throe years ; a ,nd 
that the reduction of these observations should ho tmdei taken 
at South Kensington. 

In this way we believe results of the highest importance 
in their hearing upon solar theory would ho obtained in thr 
shortest possible time, and with a minimum of expense. 

We now come to another part of the inquin that w Inch 
refers to combined laboratory and observatory work , to 
the comparison of lines seen in the spectrum of the sun with 
those seen in the spectra, of terrestrial bodies. 

Here, unfortunately, the work is almost eniiroh oonfined 
to South Kensington, when* its progress is wry sd U \v, 
partly in consequence oi the limited facilities, pnrtlv in con- 
sequence of the bad climate. 

As such work is necessarily the keystone of the arch 
which may unite celestial and terrestrial ehemhtrv, we 
recommend that certain stops should he taken to accelerate 
the rate of progress, and wo haw* indicated these to the 
Science and Art Department. 


(2.) Sola v radiation. 

The best proof of solai vaiiabilify would he tin* direct 
one given by an aeiinometer or instrument so const met e< l as 
lo measure with accuracy the amount of radiant energy 
given out by the sun, but as yet hardly any such observa- 
tions have been made. 

We attach great importance to the use of such instru- 
ments in the future, and we arc in hopes that in India and 
elsewhere much information may soon he. obtained bv then 
means. 

But even assuming the possession of a perfect iietinomctcr 
thci c aie considei able difficulties m the \va^ of obtainin'* by 
its means the true solar radiation. * 

Allowing, loi the sake of argument, a variability in the Minds 
power, it seems probable that during those years when the sun 
is increasing in power the quantity of aqueous vapour sus- 
pended m the air should also continue to increase. But it is 
known from the researches of Prof. Tyndall and otheis that this 
would imply a continually increasing atmospheric absorption, 
which would stop each year an increasing proportion of the 
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It should hero bo remarked that, by comparing with a 
standard certain definite regions of the spectrum unabsorbed 
by any of the constituents of the earth’s almosphoic, 
might be able to ascertain any variation in the quantity c>r 
in the quality of the true solar radiation. 

We recommend that the heat aetinometer by lh*ol 
Stewart, the chemical aetinometer by Prof. Uoscoe, and 
the supplementary instrument by Mr. Winstanley be 
established at Le, it being understood that the Indian 
Government is ready to bear the expense of the instrument v ' 
and of the observations with them. 

We recommend also that the suggestions of General 
Strachey already mentioned should, if possible, be earned 
into effect. 

(d.) Influence of the State of Sim on the Meteorology of Sic 

.Earth. 

While observations of atmospheric and of underground 
temperature appear to give evidence of a fluctuation in the 
tempcuiiure of the air having the same period as that, <d 
sun spots, yet on the whole they appear to show that a maxi- 
mum of sun spots corresponds to a low and not to a high 
temperature. 

But if we bear in mind that temperature is an exceedingly 
complex phenomenon, and that an excessive rainfall generally 
produces a low temperature, we cannot receive this as evi- 
dence tending to show that the sun is least powerful at 
epochs of maximum sun spots. It seems possible, however, 
that something might be done by confining ourselves to short- 
period inequalities, if the existence of such inequalities 
should be made out with tolerable certainty. 

Professor Stewart lias pointed out the apparent existence 
at Toronto of fluctuations of diurnal temperatiue range, 
having periods very nearly corresponding to those of sun 
spots, and of a nature which leads him to infer that a maxi 
mum of sun spots is associated with a maximum of sola* 
power. We think that this investigation might be extended 
m> far as to take three or four prominent solar inequalities 
and see whether they correspond to similar inequalities of 
temperature range. This would appear to be a method 
likely to show if there be any real connexion between sun 
spots and terrestrial meteorology, waiving for the present 
the question of true periodicity in such inequalities. 

With respect to rainfall, while the observations appear tu 
indicate that at certain localities we have a maximum amount 
of r *du about the time of maximum sun spot frequency, >ot 
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(4.) Influence of the State of Sun on the Magnetism of the 

Earth. 

There can be no doubt that the diurnal range of the 
earth’s magnetism Is greatest when there are most sun spots 
and that on such occasions there is likewise an unusually 
large number of magnetic storms with then accompaniments 
in the form of earth currents and auroral displays. 

There are also strong indications that the fluctuations in 
the diurnal ranges lag, as a rule, in point of time behind the 
solar influences which produce them. 

This would most naturally lead us to suppose that these 
diurnal magnetic e fleets are not directly caused b\ solar 
magnetic influences, but indiicctly by solar radiation. 

Again, the large amount of variation in the declination 
range, which increases nearly in the ratio of Ivjq to three be- 
tween times of minimum and times of maximum sun spots, 
might perhaps induce us to locate the solar influence which 
brings about this result in the upper regions of the earth's 
atmosphere where there is reason to think inequalities in solar 
radiation would be particularly felt. 

In order to investigate this subject vve recommend : 
First, a more extended comparison of the declination cun os 
at Kew and Stonyhur&t, after the manner of the preliminary 
comparison already referred to in this report. Secondly, a 
more extended comparison between the meteorological and 
the magnetical weather of the British Isles, after the manner 
of the preliminary comparison also referred to in this report 
Thirdly, a more extended investigation with the object of 
deciding whether declination range inequalities do really 
appear to travel from west to east as far at least as phase is 
concerned. 

Finally, with the view of carrying out the valuable sug- 
gestions of Senhor Capello, contained in a letter published 
in an appendix to this report, page 239, namely, that the 
directors of observatories possessing self-recording magneto- 
graphs should arrange together some uniform plan of utilising 
the curves produced by such instruments, we recommend 
that communications should be entered into with the Kew 
Committee of the Royal Society in order to concert some 
method of action in this respect. 
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1,1 Oc >jinexion with these observations is the provision of a 
competent observer. In a report by Professors G. G. Stokes 
l ui(l Balfour Stewart and General Strachey, presented to the 
Mi** 8 ° f tlie Committee of Council on Education (dated 
'‘111 December 1877), after pointing out the suitability of 
U0 . f or observations on solar physics, it is suggested that 
a o intelligent sapper trained in England should take the 
observations. On this point, Mr. Ncy Elias observes : — 

" c p s regards a person to take the observations, an Europea n 
woulrl certainly do better work than a Natne. But it 
would depend a good deal on the man selected whether 
he would he able to get on here or not ; if he chanced to be 
quiet-going individual, who would not mind the solitude, 
the rough living, and the cold, &c, I fancy he might manage 
very W elL You will easily see that in a place like this °it 
would be most awkward to have a troublesome or dis- 
!'<-!> utable European. But, on the other hand, there would 
,>lJ 11 o question about the efficiency and trustworthiness of 
tlu- work if done by a trained European, v\ Idle the present 
observatory would also benefit, and might even be extended, 
d ho were made chief observer, in addition to his duties 
with the aelinomeler. Again, i 1 1 were to be transferred, 
or were to be absent for any time (as 1 often am), you would 
wtill be able to rely on the work being carried out.” 

There is no doubt that, as Mr. Ney Elias well points 
<>nt, an uneducated European would be exposed to some 
temptations, arising from the solitude and the cold; and on 
tins account I clo not think it would be advisable to count 
on the employment of an European for an indefinite period 
:d so remote and inhospitable a station as Le. But there 
would be so many advantages in having the work started 
and carried on, say, for a. couple of years by a well-trained 
European, that I think the suggestion offered by Professors 
Stoker and Stewart and General Strachey should be adopted, 
;md since an assistant would be required* both for the aciino- 
mol ric work and the meteorological observatory, a well- 
selected English-speaking native of Upper India should be 
sent, up with him, and on the return of the latter to India, 
would have become competent to carry on the work in his 
plaee. 

Tliere is another reason why I am disposed to adopt the 
suggestion that an observer should be selected and sent out 
from home. In a subsequent report of Professor G. G. 
Stokes* adopted by the Committee on Solar Physics, it is 
recommended that, in conjunction with the observations of 
the actinomcter* those of an instrument devised by Mr. 
Winstanley and modified by Captain Abney, which gives 
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meteorological work, which needs continuity of skilled 
supervision, should suffer no interruption. His Excellency 
in Council lias, therefore, decided to apply to the Secretary 
of State for the services of a duly qualified officer. 

“Mr. Blanford further recommended that a trained Euro- 
pean should he sent up to Le to start these observations and 
instruct the permanent Native observer attached to the 
observatory. The Solar Physics Committee have volunteered 
to select a sapper of the requsite qualifications in England, 
who will be there instructed in the use of the Winslanley 
instrument as an adjunct to the actinometer. The term of 
his engagement should, it is proposed, be for two years, at the 
end of which the native assistant observer at Le will 
probably be able to conduct the work without further 
supervision. The pay of the sapper is estimated at Rs. 250 
per mensem, mid that of the Native assistant Rs. 150, or an 
annual expenditure of Rs. 4,800. The cost of the Wmstanley 
instrument would he in addition to this/’ 

On receipt of this communication the India Office requested 
the Solar Physics Committee to recommend a trained sapper 
capable of conducting actinomctric observations, for employ- 
ment at Ld for two years, on a monthly pay of Rs. 250, 
and inquired the probable cost of the tfe Winstanley instru- 
ment/’ And the Committee at once arranged that in- 
quiries should be made for fit and available men, and they 
subsequently approached the deputy Adjutant General, Royal 
Engineers, on the subject. The War Office in reply stated 
that a suitable non-commissioned officer of Royal Engineers 
could be named for observing at Le, on application being 
made from the India Office, the man being transferred to the 
Indian establishment during the time ofhis employment, and 
the India Office were informed accordingly. 


3 . — Ea rih Thermometers . 

The Committee in the year 1879 explained to Sir George 
Airy the work which they proposed to undertake, and 
expressed their hope that they might rely upon his co- 
operation Jn his reply the late Astronomer Royal, whilst 
reviewing the remarks of the Committee, directed special 
attention’ to the use of earth thermometers in the following 
terms • 

“ In the report, dated 11 December 1877, Article 9, 
allusion is made to the importance of direct measurement 
of the sun’s radiation. 1 venture to remark that experience 
oil (ho broad scale leads me to believe that this may be 
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photograph were taken when the sail was pretty low that oil 
of refraction would be sonsiblo 

The most convenient process is next to calculate the po a,i 
ordinates (or m other words the distance from the centre 11 J l h 

of position) from the rectangular co-ordinates Let S, E, L ' 

centre of the sun, the earth regarded as a point, the spot; 11 
radius vector inferred fiom the rectangular co-ordinates _i« > 

neaily that belonging to the orthogonal projection of S 1 nU ‘ 
plane through S perpendicular to S E. Avery minute co r yocM ( > , 
which depends on the non-parallelism of S E, P E, and win on 
be made at once by inspection, suffices to reduce it to the orthogoi 1 - ^ 
projection. The distance from the centre referred to tin 1 * M ‘ alr 
rachus = 1 is the sine of the inclination of S P to S E 

The time of taking the photograph being known, we get the sun h 
longitude L from the Nautical Almanac, and thenco the molnnii ion , 
I, of circles of latitude and decimation passing through bhi' sl,n 
from the formula 

tan 1 = tan 0 cos L, 

where 0 is the obliquity of the ecliptic The fiducial lmc, winch 
applied primarily to the* equator, is hereby referred to the^ e<* I if >f t < * 
and by applying to this angle the angle of position, which, form'; one 
of the polar co-ordmates, we get the inclination of the plane* lb h * 
to a plane through E S perpendicular to the ecliptic. Two Torino ho 
equally simple with the above then give the heliocentric latitude 
and longitude of the spot. 

The other method, which I should prefer, is to measure ad <mrr 
the polar co-ordinates, using a microscope of very low power with 
crosslines The microscope slides along a horizontal rest, gradu- 
ated so as to read with a Termer, say to 0 001 inch, or else < *’( )< H u * 
the average radius The rest and micioscope arc support* a 1 on a 
horizontal circle graduated to degrees, with a Termer reacli ng t o -> 
and by estimation to 1' The plate is laid on a support under neat I» 
this, which is provided with slow motions in two i octangular 
directions for centering 

If readings taken by applying a scale to the photograph and 
estimating the fractions of intervals be deemed sufficiently accural e, 
a glass scale graduated by concentric circles and radial lines might, 
be nsed instead of the rectangular network. The estimation i would 
be a little more troublesome and less accurate, but the trouble of 
subsequent reduction to polar co-ordmates would be saved. 

We should thus get with very little trouble the helioconi i t< 
places of the various spoLs m each photograph, referred to i h< 
celestial sphere But we should'also wish to know the places roferree l 
to the sun itself, treated as if it all revolved together likes a solid 
globe, which Carrington has shown to he only approximately true 
This might he done by calculation, using Carrington’s element 
But the calculation is considerably longer than those hitherto 
mentioned, and it would he desirable to avoid it by a graph lent 
process 

The simplest process of this kind that I have thought of, unci one 
which would, I believe, give the reduced places even raoro accu- 
rately than is required considering errors of observation, is to 
use a large globe. This would have the further advantage* of 
presenting to the eye the combined results in a digested form. 
The globe should be provided with two axes at an inclination of 
7° 15' The meiidian circle should be graduated to degrees*, betdci 
perhaps sub-divided to 20' The globe is a blank, save as to two 
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I think, open to much question And it is to actinometric 
observations that we must look for determining the very 
important question of that variability/’ 


4 . — Ph otohc / / o(jra ph s. 

The Government of India having, through the India Office, 
called upon the Solar Physics Committee for an expression 
of their opinion as to the advisability of taking photographs 
of the sun’s disc upon a larger scale than was then feasible, 
the Committee pointed out the alterations which would 
be necessary to enable such pictures to be taken with the 
photoheliograph then in use in India. The India Office in 
reply sanctioned an expenditure of 10J. to effect the necessary 
improvements, and requested the Committee to give instruc- 
tions for carrying out the work. 

In consequence of the modification of the secondary 
magnifier it became necessary to alter the camera, of which* 
three modifications were tried, the last resulting in some very 
satisfactory pictures, specimens of which were forwarded to 
the India Office for transmission to India During the time 
that these experiments were in progress the Government 
of India reverted to the doubts which had been raised as to 
the scientific value of the small sized pictures of the sun 
produced by their photoheliograph as compared with the 
large photographs taken in Prance by Monsieur Janssen, 
and having expressed their opinion that a larger and better 
instrument than that in use at Debra Doon should be made 
available for the purposes of carrying on solar photography 
in India, the India Office requested the Solar Physics Com- 
mittee to state their opinion as to whether the contemplated 
alterations in the then existing instrument would make it fully 
available for the pm pose desired or whether another instru- 
ment should he provided. In the latter case it was requested 
that ihe Committee would specify the description of instru- 
ment which they recommended and approximately estimate 
its cost. 

The opinion of the Solar Physics Committee, which was 
communicated to the India Office, was as follows : — 

“We are of opinion that it has been established by our 
experiments that for a sum of about 26/. a photoheliograph, 
similar to the one in use at Debra Doon, can be made to 
give pictures 8 inches in diameter, at least as well as Jl now 
gives them of 4 inches diameter. This sum is required to 
provide the instrument with a new secondary magnifier and 
a brass extension of the tube, together with a camera for 
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the catalogue The letters br in connection with an Ely picture 
mean that the glass is broken; the picture, however, may not b G 
without value, There are cases m which the exact times oi tlio 
Cambridge (U.S ) pictures arc not given. prolessor Picked nig* } 
however, says that these can he furnished when required 

In the Greenwich list those pictures lor which exact dates ai* 0 
given have already been reduced, and the results published hy 
Astronomer Royal In most of those cases where the exact, <kdo i s 
left blank tbeie are no spots on the sun's disk. If required klio 
exact time can be furnished by the Astronomer Royal. 

8 We subjoin a specimen of the method of recording* sun-spot 
observations suggested by the Solar Physics Committee 


Specimen form op Method Proposed for Recording Sun-m >( >t 
Information. 
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Remarls on the above. 


(a.) Being merely intended as a specimen, the numbers are 
imaginary. 

(b) Groups have been, numbered m accordance with the Kew 
catalogue, while that series lasted, and, after its discontinuance, in 
accordance with the catalogue of Greenwich. 

(c) Whenever, owing to blanks produced by bad weather, a spot 

which has been recorded at some other observatory cannot bo 
identified 'suth any one in tbe Kew or Greenwich catalogue, it, 
receives a number which is enclosed m brackets, in order* to 
distinguish it from the regular numbering. Thus in the above (<J) 
means that six such groups have occurred in 1801 up to June ttO 
which have neither been identified with Kew or Greenwich <> run i >.s 
nor with each other. *"* 1 *" ? 


(d ) The object of the Committee being to obtain physical rather 
than precise astronomical information, the measure* of aeeurarv 
need not m any case go beyond that which records tin* mean 
hehographic position of a group to the tenth of a decree, and of* 
the tune to the hundredth of a day; and with regard to past work, 

t i? C S mmittee Wl11 be content with a somewhat lower standard 
when this measure is not easily attainable. 

(0 In the areas recorded, allowance is made for foreshortening 
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(4.) Instruments and Observatories . 

I.— Instruments or if/ m a lip at the disposal of the Committee . 

Tim instruments at the disposal of the Committee at the 
date of their appointment in 1879 were as follows:— 

1. A 6-inch telescope equatorially mounted with declina- 

tion* and right ascension circles, made by Cooke, of 
York, the property of Mr. Lockyer. To this instru- 
ment two spectroscopes can be attached. One is a 
grating-specti oscope, the property of Mr. Lockyer, 
with a grating made by Rutherfurd, having about 
17,280 lines to the inch ; and the other is a spectro- 
scope with seven prisms of 45° made by Browning, 
the property of the Eoyal Society.* This instrument 
is in a square canvas hut with a sliding roof. 

2. A 8 1 -inch achromatic telescope made by Cooke, of 

York, the property of Mr. Lockyer. 

3. 9^-ineh Browning- With mirror with tube complete, the 

property of Mr. Lockyer. 

4. A siderostat, made by Cooke, of York; this is the 

property of the Royal Society,* and is lent to Mr. 
Lockyer. 

5. A small induction coil, the property of the Royal 

Society/* lent to Mr. Lockyer. 

6. A Siemens dynamo-electric machine and lamp, lent by 

Dr. Siemens, F.R.S., to Mr. Lockyer. 

Ga. An enlarging camera, the property of the Eoyal 
Society, lent to Mr. Lockyer. 

Gb. A lathe. 

7. A 4-inch telescope with object glass corrected for the 

chemical rays by Cornu’s method, lent by Dr. De La 
Rue. 

8. A short focus photographic lens of G inches aperture 

and smaller lens. These arc the property of Hie 
Science and Art Department. 

9. A spectroscope, the property of the Department, used 

with the Rutherfurd grating; the scale is observed 
by a second telescope clamped above the observing 
telescope. 

10. A small hcliostat for use with the spectroscope. The 
property of the Department. 

11. An enlarging camera, lent by Dr. Warren De La Rue. 


1 As iruBieeM for tin* Ooveinmont, the instruments having I men paid for out 
of the Gomument CJrant. 
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3 . — Instruments lent hy the Astronomer Royal . 

The Astronomer Royal has also placed the following 
instruments at the disposal of the Committee. 

1 A photoheliograph for taking solar pictures 4 inches in 
diameter, made hy Dallmeyer, together with the 
hut in which it stands. This is now dismounted, 
the stand having been used for the Eclipse Expedi- 
tion, and subsequently transferred temporarily to 
the Transit of Venus Committee. 

2. 6-inch equatorial, by Troughton and Simms, with 
hut. This also has been temporarily transferred to the 
Transit of Venus Committee. 


4 . — La rye Ph o toll el loyraph . 

_ At the commencement of their labours, the Committee de- 
cided that one of the first things to be done was to take direct 
pictures of the sun not, less than 12 inches in diameter. A 
O-incli object glass of a focal length of 9-feet, and cor- 
rected for the line Gi, was obtained from Mr. Dallmeyer; 
this was mounted on a rough tube, and a 10 by 12-mcli 
<*;imera was attached. A parallactic ladder was constructed, 
snwl some trial plates taken ; the pictures obtained being very 
satisfactory. A 15-ineh by 15-inch camera was attached, 
svud the instrument was mounted upon a more rigid ladder. 
{Some good pictures were obtained, but as opportunities 
-were frequently lost, owing to the necessity of moving the 
instrument in and out of cover, it was decided to have it 
mounted equatorially. This was done by Cooke of York, 
mid the instrument was erected and pictures taken regularly 
on all favourable opportunities. 

In March 1880 a letter was received from the Indian 
(Government, suggesting that it would be advisable to in- 
or ease the size of the pictures being taken in India. As 
idic Indian Government were anxious to take large pic- 
tures without further delay, the Committee suggested that 
t hey should transfer their instrument to the Indian Govern- 
ment. This offer was accepted, the Indian Government 
undertaking to pay for the construction of another. The 
instrument was accordingly transferred to the India Office, 
iiiitl has now arrived in India. 

The new 6-inch photohcliograph is in course of con- 
struction, and will be finished in a month or so. 
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and a hut for the large photoheliograph, with a revolving 
roof, have been constructed by the Works Department of 
the Museum. 

S . — Present Condition of the Buildings . 

L The 6-inch equatorial belonging to the Indian Govern- 
ment is in a hut with a revolving roof between the Western 
Exhibition Galleries and Queen's Gate, near the entrance 
to the Horticultural Society’s Garden. 

2. Mr. Lockyer’s 6-inch equatorial is in a canvas hut with 
a sliding roof to the north of the other equatorial. 

3. The skier os tat is in a hut running back on a tramway 
in the Horticultural Gardens. 

4 The small photoheliograph hut is also erected in the 
H orticultural Gardens. 

5. The hut for the large photoheliograph and the photo- 
graphic studio are erected on the vacant ground behind the 
post office in Exhibition Road. 

All of these observatories are in a good state of repair. 


(5.) Sun Spot Catalogue . 

Among the duties of the Committee has been the 
collecting together of information regarding the sun which 
exists at present in a scattered state and is not easily 
accessible. With this object a catalogue of the sun pic- 
tures, taken by various institutions and private observers, 
has been already prepared ; and this forms an appendix 
to the report of the Committee, page 77. 

In this catalogue, written jointly by Mr. Warren De La 
Rue and Professor Stewart, will be found a dated list of 
known sun pictures to the end of 1877, which may be 
regarded as nearly complete, if we except some observa- 
tions made by Dr. C. Hornstein, and certain pictures taken 
by Senhor Capello, which have since been brought before 
the notice of this Committee. This catalogue contains in 
addition the total spotted areas, as well as the number of 
groups, for each day on which the late Hofrath Hclnvabe 
made a picture of the sun. It contains also a description 
and specimen of the way in wlueli it is proposed ultimately 
to embody information regarding sun spots. 

On the publication ol this catalogue it was considered 
desirable to communicate again with the directors of those 
observatories where solar work is carried on. The following 
Ji 824 , l) 
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letter was circulated by desire of the Committee in July- 
1881 

Science and Art Department, 
London, S.W., 

Sib, 13th July 1881. 

# On the 31st December last the ‘Committee appointed 
to advise on the methods of carrying on Observations in 
Solar Physics had the honour of addressing you on the 
subject of their work, and the catalogue of sun pictures 
referred to in that communication has since been forwarded 
to you. 

As one of the objects which the Committee consider very- 
important is to bring together the Solar information which 
at present exists, they are very anxious to know whether it 
will be in your power kindly to assist them in this task by 
making very simple measurements of the areas and positions 
of sun spots from the pictures which you possess, such as 
are specified in the catalogue of sun spots already mentioned. 
The number of observations sought would be reduced to a 
minimum, while the amount of precision required for the 
purposes of the Committee would not be very great. 1 f you 
consent to afford your valuable assistance in the manner thus 
indicated, the Committee will be glad to enter into commu- 
nication with you, with a view to discuss details. 


This letter was sent to the following : — 

ichIn > Observatory, Moscow, Russia. 

r'L? ery, fffi b8ervat0Iy) Melbourne, Australia. 
C. Meldrum, F.R.S., Observatory, Mauritius. 

Dr 0 °* bMPT 2£? y » Cambridge, U.S.A. 

Ur. omysloff. Observatory, Wilna, Russia. 

gllf T he re]jlles r ecei ved by the Committee to this circular are 
such as to evince the greatest readiness in all these sol-ir 
observers to aid the Committee as far as they possibly can 
In consequence of this valuable co-operation it is expend 

6 collectin S and Publishing the solarhifor- 

mation which at present exists will be materially reduced. 


(b.) Measurement of Sun Spots. 

of E’.SHSS IZgZSZ&SSSz 5 «* f** 

prepared to darl with the We "2,” Td.ito ' T t° Wl ?S 
.to b. expected wh.„ the 

already promised co-operation are in full work. " * 1HV ° 
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Their first idea was that there were several graphic 
methods which would readily and rapidly give the data 
necessary for the Committee’s needs, it being understood 
froin the first that several purely astronomical problems 
requiring elaborate calculation connected with the sun should 
be left out of their consideration, and should be dealt with at 
Greenwich. 

When, however, the Committee was strengthened by the 
appointment of the Astronomer Royal as a member they 
learnt that the determination of positions of sun spots at 
Greenwich was about to be simplified by giving up an 
attempt at accuracy which was, as a rule, not capable of 
realization in consequence of the indefiniteness of some of the 
phenomena. 

At the same time the Astronomer Royal offered to under- 
take the daily determination of the positions and. areas of all 
spots. This offer has been accepted by the Committee, and 
already some of the Indian photographs for dates subsequent 
to 1st January 1882 have been forwarded to Greenwich for 
reduction. 

There remains then for consideration the question of 
the measurement and discussion of photographs anterior to 
this date which have been received from India and elsewhere 
but have not yet been reduced. 

The arrangements at Greenwich will not allow of this 
back work being done there. We would, therefore, propose 
that an instrument similar to that now in use at Greenwich 
should be obtained from Messrs. Trougliton and Simms, and 
that the reduction should be performed in the same manner 
as for 1882, but should be limited to those photographs only 
which fill gaps in the Greenwich series. 

We would propose that the instrument though of the same 
form and arrangement as that now in use at Greenwich shoxdd 
be constructed of such a size that the 8-inch and 12-inch 
pictures which we shall subsequently obtain from India can 
be measured on the same system as that at present employed 
for the smaller pictures. 

The Astronomer Royal has expressed his willingness to 
obtain and train an observer for this work ; the expense 
would in all probability not exceed 4/. or 5/. a month. 

(7 ) Measurement of Solar Radiation . 

1. Heat Actinometer. 

An actinometer constructed by Professor Stewa.rt was at 
an early period brought before the notice of the Committee. 

D 2 
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Lock when the tidal water has all drained off. This record 
extends from the beginning of 1860 to the end of 1880. 

At present it is impossible to deduce from these records 
i he volume of water which passes in unit of time across a 
section of these rivers; nevertheless the results give us a 
good deal of information, for we may be sure that an increase 
in dept It denot.es an increase in the volume of the water 
carried by the river, and a decrease in depth a diminution of 
the same. 

Results deduced from these recoids by Prof. Stewart have 
been communicated to Nature 5 \ 53 These results, when put 
into a graphical form, have led to the following conclusions : — 

(1.) There is a considerable likeness between the Nile 
curve and that for the River Thames. 

(2.) There appears to be a maximum in these curves at 
or somewhat after the date of maximum sun spots, 
but they have more than one maximum for one 
sun spot cycle. 

in order to confirm these results Prof Stewart has reduced 
in a. similar manner the heights of the Rivers Elbe and 
Seine/ 1 He has split the whole number of observations of 
theho heigh is extending over a century for the Elbe, and 
embracing nearly a century for the Seine, into two equal 
purl ions, and he finds that each of these portions for each of 
these rivers indicates a maximum height shortly after the 
nun spot maximum, and also another subsidiary maximum, 
not far from the time of minimum sun spots. 

Thus the chief difference between these continental rivers 
and the Rivers Nile and Thames is that in the latter the 
second maximum is more developed, and is not subsidiary as 
it is in the former. 


(9.) The Eclipse of May 1882. 

The importance of observations of this eclipse was brought 
before the Committee by Mr. Lockyer in May 1881. Mr. 
Locks or and Captain Abney were then requested to draw 
up memoranda relating to the work which, in their opinion, 
should be done. 

These memoranda, are as follows 

u The total eclipse of the sun which takes place in May 
next, year will be visible in such an accessible region that it is 
to be hoped that the precedents of 1860, 1870, 187L and 
1 87 o w ill bo followed and steps taken to secure observations, 
the more especially as the eclipse will happen somewhat near 
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The number to the left of the point denotes the total spotted area for the day in millionths of 1 
the son’s visible hemispheie. 

The number to the right of the point denotes the number of groups of spots present on the 
solar disc. i 
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cation to the Lords of the Committee of Council on Educa- 
tion to authorise the deputation of Mr. Lockyer and Captain 
Abney for the purpose, and to assign a grant limited to a 
maximum of 5002. to cover the necessary outlay.” 

We understand that the Lords of tho Committee of 
Council on Education being fully impressed with the im- 
portance of having the proposed observations of the eclipse 
made, applied to the Lords Commissioners of Her Majesty’s 
treasury for permission to insert a sum of 4007. in the esti- 
mates to cover the necessary expenses. Eventually, liow- 
ever, the travelling expenses of the expedition were provided 
or by the lioyal Society out of a private trust fund, and the 
instruments required to supplement those provided by Mr, 
Lockyer and Captain Abney were supplied by the Science 

+ u u Lie P^ ltment - As Captain Abney was not able to 
take his part in the expedition, his place was supplied by Dr. 
Schuster, F.R.S. We here acknowledge the liberality of 
the Peninsular and Oriental Company, and the munificent 
lospitality of the Khedive, who made the party his guests 
while they were south of Cairo. The results proved to be 
ho numerous and novel that sufficient time has not yet 
elapsed lor their complete discussion and publication. A 
statement of the preliminary results has been laid before the 
committee, and they cannot help feeling satisfaction that in 
conjunction with the Royal Society, they have been instru- 
mental in securing these observations. 


(10.) Lectures at South Kensington . B5 

In_ the spring of last year a scries of lectures on Solar 
Physics was_ delivered by the members of the Solar Physics 
Committee m the lecture room of the South Kensington 
luseurn, m accordance with a suggestion made by°the 
Lord President of the Council. 

It was agreed by the Committee that each lecturer should 
be tree to express his own opinion on any point so that 
the Tietvs pul forth are Mt d bc regard J 
sanctioned by the Committee as a body. The course was 
opened by two introductory lectures by Professor 
n .Ito second of which lie took ocoaei„„kp™ c n t w 
theory as to the nature of the aurora, and of the connexion 

botween aurora, magnetic disturbances, earth currents, and 
solar activity. * LUU 

The next course was delivered by Professor Stewart, who 
ga.ic theoretical reasons for supposing that the sun is most 
powei ful at tunes of maximum sun spots, and then emlca- 
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bodies, most of the collateral experimental work done lately 
has had for its object the acquisition of further knowledge 
bearing on this question. • ° 

For this purpose new methods of observation have been 
devised, and many thousand observations accumulated by 
means of them. 3 


t * iese new branches of work are referred to m 
the following paragraphs • — 

A great many experiments have been made on the distil- 
lation or most of the metals and non-metals, and some of 
their compounds, in vacuo, using the electric current as an 
explorer in order to ascertain whether any, and if so, what 
gases and vapours are given off at different temperatures, 
the permanent gases being collected and again examined 
both spectroscopically and chemically. 

In these experiments it was noted what lines were visible 
at different stages of the distillation, the heat beino- very 
gradually increased. ° J 

From the data thus obtained it has been found that a 
connexion exists in several cases between the lines seen at 
different temperatures and the lines reversed in the sun. 

Another series of . experiments consists in volatilizing 
metals or their salts in a Bunsen flame, and then passim? 
the spark from an induction coil, with or without a Leyden 
jar, through the flame. In this way means have been 
obtained of distinguishing the spectra due to high and low 
temperatures. 

By this method of experimentation comparisons have also 
been made between the spectra (1) of the spark from 
metallic poles heated in a Bunsen flame, and (2) that of salts 
ot the same metal volatilized in another Bunsen flame 
through which the spark was also passing, in this case from 
wires ot the particular metal platinum 

Iu this way not only have metals been compared with 
then salts, but also in cases where a metal exhibits two or 
more atomicities, compounds showing the different atomicities 
have been compared with one another as well as with the 
metal. 


. A BCl ' ies of experiments has also been made on the spectra 
of the arc of a Siemens’s machine. It was shown that not 
only was thcie a separation of the lines of different elements 
at the two poles, but that in some cases one set of lines 
would appear at one pole while other lines of the same metal 
weie seen only at the opposite pole. Other phenomena 
were also observed and recorded, such as the inverse 
appearance oi lines, in some cases one set of lines beino; seen 
alone, in other cases other lines of the same metal appearing 
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Discussions ot the Working Hypothesis that the so- 
called Elements arc Compound Bodies.” Received 11th 
December 1878. 


I rehminary Rote on the Substances which produce the 
Chromospheric Lines.” Received 24th December 1878. 

“ Note on some Spectral Phenomena observed in the Arc 
produced by a Siemens’ Machine.” Received 3rd March 
1879. 

“Note on some Phenomena attending the Reversal of 
Lines.” Received 5th March 1879. 

“Discussion of Young’s List of Chromospheric Lines” 
(Note 1.) Received 5tli March 1879. 


ft 


on 


recent communication by 
Received 30tli April 1879. 
the Spectrum of Sodium/’ 


Me ssrs?. Li vein «* 
Received 28th 


“Note on 
and Dewar/’ 

“ Note 
May 1879. 

. “ Report to the Committee on Solar Physics on the Basic 
Lines common to Spots and Prominences/’ Received 19th 
June 1879. 

“On a Now Method of Studying Metallic Vapours” 
Received 19th Juno 1879. [Distilling in Vacuo.] 

“ On a New Method of Spectrum Observations.” Received 
10th December 1879. [Passing a spark through flames.] 
“Note on the Spectrum of Hydrogen.” Received 16th 
December 1879. 


“ Note on the Spectrum of Carbon.” Received 8th April 
1880. ^ 

“ Further Note on the Spectrum of Carbon.” Received 
lltli May 1880. 

“On a Sun Spot observed 31st August 1880.” Received 
26th October 1880. 

“ On the Iron Lines widened in Solar Spots.” Received 
13th January 1881. 

“ Note on the Reduction of the Observations of the Spectra 
of 100 Sun Spots observed at Kensington.” Received 12th 
May 1881. " ' 

11 Preliminary Report to the Solar Physics Committee on 

thc l b ( l i 1 b P ot Observations made at Kensington.” Received 
29th November 1881. 

“ Researches in Spectrum Analysis in connexion with the 
Spectrum ol the Sun. No. V.” Received 29th April 1878 

18 x 1, DcJay cauHed V preparation of the plate. 
(Phil. Trans) 1 


c . — Bearirtff of this work on So/m- T/ieon/. 

The more recent work referred to in the above list 
iaken in conjunction with the spectroscopic observations of 
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spectrum qua any one element does not result from the 
vibration oi the molecules of that element existing as such 
at any given height in the sun’s atmosphere, but results from 
an integration of the vibrations of the germs of that element 
existing, perhaps distributed, from the top of the atmosphere 
to the bottom. 1 

On such a view as this the absence of striking lines of the 
spectra of familiar elements from, and the presence of others 
among, the Fraunhofer lines ; the very striking changes of 
relative intensity between the Fraunhofer lines and those 
seen m our laboratories belonging to the spectrum of the 
same substance ; the fact that the lines of the same element 
observed at the same time either in a spot or in a prominence 
indicate some rapid movement and others absolute tranquility ; 
the fact that qua, the same element over long reaches of the 
spectrum, the same line is never seen affected in both spots 
and prominences ; the fact that the chemical constitution of 
Ihe same region of the sun as determined by spots and 
prominences is almost absolutely different ; and the fact that 
changes take place in the spectra of both spots and promi- 
nences from time to time, are not only easily explained but 
are absolutely demanded by the now hypothesis, although 
me old one left them as outstanding puzzles. 

Professor Stewart has suggested that if solar phenomena are 
as the new hypothesis represents them we should expect that 
this alternate association at high and dissociation at low 
levels oi solar elementary matter would greatly increase the 
intensity of the solar convection currents. Thus the enor- 
mously strong currents which observation reveals to us can 
readily be explained by adopting this hypothesis. 


(2.) Connexion between Solar and Terrestrial Phenomena. 

1. — Sun and Magnetism. — New Tlteom/. 

With regard to the connexion between solar activity and 
aurorae, magnetic disturbances, and earth currents. Professor 
btokes has proposed a new theory. 1 * That auroral consist in 
electric discharges taking place, usually at any rate, in the 
higher regions of the atmosphere, is allowed on all hands • 
the only question is, bow are these discharges occasioned, and 
what is the nature of the connexion between phenomena 
apparently so remote ? Professor Stokes contends that the 
source of the _ discharge is to be sought in atmospheric 
elect, icity, which not being relieved by the thunderstorms 
which take place in low and moderately low latitudes accu- 
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the two being that a maximum of sun. spots appears to corre- 
spond to a maximum of temperature range at Toronto a 
couple of days later on. This, if verified, would appear to 
indicate' (apart from the question of true periodicity) that an 
increase of sim spots denotes an increase of solar power. 

Professor Stewart has likewise endeavoured to show that 
while many, at least, of the variations of weather (embracing 
under this term magnetical as well as meteorological 
changes) have a solar origin, the difference in time of 
occurrence of a given phase of magnetical weather at two 
such places as Toronto and Kcw is much smaller than the 
coi responding difference for meteorological weather; and 3 
accordingly, if the former can be regarded as travelling from 
west to east, as we know the latter to a great degree can, 
magnetical weather must travel much faster than meteoro- 
logical, so that the magnetical weather of Great Britain, as 
exhibited in declination daily ranges, is possibly allied to the 
meteorological weather, as exhibited in temperature daily 
ranges, occurring six or seven days later on. In order to 
exhibit ibis likeness a detailed compaiison oi the two 
weathers at the Kcw Observatory for 1871 and 1872 has 
been made. The result is published in the proceedings of 
the Koyai Society. 

There is no doubt that periodic inequalities, when such 
exist, would show themselves by fluctuations of the nature 
of those treated by Professor Stewart; but the question how 
far such fluctuations afford trustworthy evidence of the real 
existence of periodic inequalities, or how far they may 
be regarded as the residuals of* merely casual fluctuations, 
involves some delicate considerations demanding further 
investigation. 

As the know ledge of such periods (if well proved to exist) 
might lead to results of not merely theoretical blit practical 
importance, the Committee have requested Professor Stewart 
to obtain in the name and for the use of the Committee 
from the virions magnetical and meteorological observatories 
the items necessary to enable him to continue these re- 
searches, 


(3 ) PForh published — 

1 . By Prof. Stewart 

Preliminary Report to ihc Committee on Solar Physics 
on a method of Detecting the Unknown Inequalities of a 
Series of Observations By Balfour Stewart and Vm, 
Dodgson. (Pro, R.S., May 29, 1879.) 
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the Indian and other sun pictures from the beginning of 
1878 to the end of 1881. It is probable that the total cost 
of reducing and collating this back work will not exceed 
1,0007, which might be spread over five yeai's; and we 
recommend that this work be undertaken. 

With respect to the future, we recommend that steps be 
taken to secure a reasonable prospect oi daily pictures, the 
Astronomer Royal having undertaken to reduce such pictures 
as may be necessary to form a complete series. 

2. Spectroscopic Work. — When we consider that the spec- 
troscope has been in our possession since 1869 as an instru- 
ment for continuously observing various localized phenomena 
of the solar atmosphere, wo cannot but express our regret 
that more has not been done to employ this new instrument 
of research ; for, even yet, daily and systematized observations 
arc almost unknown. 

As there can be no question of the importance of a daily- 
record of spectroscopic solar phenomena, we proceed next 
to discuss those special points to which, according to our 
present knowledge (and in a new subject it is more than 
ever important to make this qualification), our studies should 
be directed. 

Foremost among these inquiries we would insist upon 
the importance of obtaining records of all phenomena visible 
during total eclipses of the sun. It must not be forgotten, 
that with regard to the structure of the sun’s atmosphere, 
more information can be obtained during an eclipse than from 
a year’s work on the uneclipsed sun ; and with regard to the 
form and extent of the atmosphere generally, we already 
know that the changes arc so great from eclipse to eclipse 
that inquiries may be greatly hampered in the future if we 
fail to obtain these records whenever opportunity occurs. 

Wc believe that these opinions arc shared by physical 
astronomers in other countries, and this being so, concerted 
action by civilized Governments may render the part to be 
taken by each comparatively inexpensive. 

(Joining to the uneclipsed sun, we find that our great needs 
at present are more observations of the chromospheric and 
prominence lines in climates where these can be easily and 
continuously made. 

Observations of the lines widened in solar spots rank, 
perhaps, next in order of importance, as the facts show that 
the vapours which produce them are not those which give 
rise to the appearance of prominences. At present this 
work is limited to Greenwich and South Kensington, and 
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rays of the sun, and prevent these from reaching the earth 
It might thus happen that observations of the solar radiation 
made near the earth’s surface might give something much 
less than the true increase of solar power, inasmuch as a 
continually increasing proportion of the solar rays would 
have been year after year intercepted by the atmosphere. 
The most obvious way of getting out of this difficulty would 
be to make observations at high altitudes* and we hope in 
addition to the records of the heat actinometer now in opera- 
tion at the Alipore Observatory, near Calcutta, to obtain 
records from one at Le (at a considerable elevation, about 
11,000 feet, above the level of the sea). We trust also "that 
Dr. Eoscoe’s chemical actinometer will be established at Le. 
Furthermore, with the view of throwing light on the condi- 
tion of fluctuations in the received solar radiation caused 
by the atmosphere, we would suggest that these actinomcters 
should be used in conjunction with some qualitative instru- 
ment which gives an immediate graphical and visible indi- 
cation of the power of the sun. A modification of an 
instrument devised by Mr. Winstanley would appear to be 
very suitable for this purpose. 

Presuming that we are thus able to obtain unexceptional 
observations at L<£, still it is certain that there must remain 
an appreciable quantity of aqueous vapour in the air abowi. 

It has been suggested by General Strachey that a travel- 
ling observer carrying with him an actinometer might ascend 
to a considerable height by a series of stages, making obser- 
vations at each. We might thus be able to obtain a more 
exact estimate of the absorption of the air and moisture 
respectively, and thence to deduce what the true solar radia- 
tion would be if we could altogether escape the atmosphere. 

We ought to mention that Professor Langley of the 
Allegheny Observatory is at present devoting a good deal of 
attention to this problem, and we are induced to hope that 
by the united efforts of observers in the elevated portions of 
both hemispheres a great deal of light may be thrown upon 
this important subject. 

This is, perhaps, the place in which to notice another 
species of observation which it may soon be possible to 
make. 

Captain Abney has discovered a method of photographing 
the infra red spectrum, and it is hoped that light may be 
thrown by this method on solar radiation. Indeed, recent 
observations which he undertook at an altitude of 9,000 feet 
tend to show that for a qualitative and partially quantitative 
estimate of atmospheric absorption the method promises 
results of high value. 
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we cannot say that taking the rainfall stations as a whole 
there is incontestable evidence of a single rainfall period cor- 
responding to that of sun spots. This subject is one which 
requires further investigation ; and observation of the heights 
of rivers appears to be a hopeful direction in which to look 
for evidence bearing on this question. 

In the next place, with respect to storms, the evidence 
appears to be favourable xo an increase in the number of 
great atmospheric disturbances, corresponding to times of 
maximum sun spots, but the systematic discussion ol aneiuo- 
metric observations has hitherto received far too little atten- 
tion. 

It seems to us that a study of isobaric lines may throw 
light upon the problems now before us. The relatively low 
summer barometer in the middle of continents, and high 
barometer at sea, and the opposite disposition of pressure 
which holds for the winter months, are problems which 
deserve further investigation. 

We hope that this subject may be advanced by the dis- 
cussion of a lengthened series of those excellent meteoro- 
logical charts which the American Government are now 
publishing. 

We recommend (hat communications should be entered 
into with the Meteorological Council, with the view of con- 
certing a plan for investigating with sufficient thoroughness 
the nature and extent of the supposed relation between solar 
variability and the meteorology of the Earth. 

We have no hesitation in expressing our belief that the 
continued, careful study of solar phenomena will prove 
to be of "the greatest scientific value, and that there is 
no reason for doubting that the advance of true knowledge 
in this direction will, in some form or other, and sooner or 
later, prove to be of real practical value also, as all experience 
has shown that it has been in other branches of human 
knowledge. 

Whether or not we shall ever possess the power of fore- 
seeing the character of the seasons in this country, or to 
what extent they may in truth he related to those changes 
in the condition of the sun to which our attention is specially 
directed, it, is of course impossible for us to say. But of the 
extreme importance of doiug all that lies in our power to 
advance a sound knowledge of the laws of climate which so 
direcrly affect the well being of the whole human race there 
cm bo no question. 
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v SUMMARY OF RECOMMENDATIONS. 


We have now stated, as far as our information enables us, 
the precise position of our knowledge of the physics of the 
sun at the present time, the steps that are being taken in 
this and other countries to increase it, and, broadly, the nature 
of the work that should, in our opinion, at once he proceeded 
with 

In order to make our main recommendations perfectly 
definite, we proceed to bring them together as follows: — 

1. That the existing information regarding sun spots be 
collected and published. 

2. That steps be taken to obtain sun pictures from existing 
observatories so as to secure a daily record of the sun for the 
future. 


3 That these pictures be reduced on a uniform system, 
with the co-operation of the Astronomer Royal. 

4 That the system of spectroscopic observations of the 
sun and their reduction at present employed at bouth 
Kensington be continued. 


5 That communications be opened with observatories 

where spectroscopic work would be likely to be prosecuted 

under 'mod climatic conditions, suggesting simultaneous 
obsen-ations on a definite plan for a limited period, say, lor 


three year?. 

6 That steps he taken, in concert with foieign Govern- 
ment sV to secure the observation of the phenomena of all total 
solar eclipses as far as possible. 

1 That the experiments necessary to obtain improved 
instrument* to record the intensity of solar lad.ation be 
continued, and that measures he taken to secure continuous 
observations with such instruments m suitable localities. 

q rpp. lt communications be entered into with the Meteoro- 

between »1„ «*** 

and the meteorology of the earth. 
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APPENDIX 0. 


No. 70 Senate, Session oe 1879. 

REPORT. 

Made m the name of the Commission* charged with 
examining the Bill, passed m the Chamber of Deputies, ptoi & 

portion of the domain of Meudon be set apax 1 * ll _ e 

establishment of an Observatory o'bsJrvatory of 

2. Provision be made, financially, for the 

Mend0n By M. A. Scheiteeb-Kestnee, 


Gentlemen,^ July lg74 M . Cezanne proposed, in ^ n 

Assembly as an amendment to the estimates of the Mmisliy of 
Public Instruction, that a sum of K0,000 francs (X2,°00) be ' pro vi< ^ocL 
for the creation, m the neighbourhood of Paris, ot an “ qS 
of Astronomical Physics. In replying to M._C6zanuo, the °1 f® T fc 
to the Commission on the Budget joined in tho aioOiit, 10< D^at 
which his colleague had addressed to the Gojernmc t hc be ocl 
the latter to consider the question, recommending that M JansHt.n 8 
proposal, which M Cezanne had explained to the Houseshouclbc 
submitted to the Academy of Sciences But, as the G vu mixoxit 
did not propose that any provision should be made, the Bud et 
Commission did not consider it advisable to entertain tho amorid.- 
ment, which M. Cezanne withdrew on the Minister of 1 x Lb lie 
Instruction underbaking to have a Pill prepared. 

The year after, on the estimates for 1876, M Cezanne brought 
his amendment ^gain, in concert with M. Paul Bert The Uonimis- 
sion on the Budget, in a report by M Lepere, stated that, Jadi-nfo a 
proposal from G-overnment, it would be advisable to let mabbers 
itand over until a special application was made to it for a vote. A txe 
reporter, however, observed that, as far back as tho 6th August 1S74, 
the Minister of Public Instruction, liiaccordanco with the w i sh. 
expressed by M Barcloux in the House on the 22nd July prccocliy 
had brought the question before the Academy ol Sciences. In. tdio 
Eeport of a Commission consisting of Messrs. Doovy, Bocqiiorol, 
Bertrand, Dumas, and Paye (reporter), it is stated that the 
" Academy of Sciences entirely approves of the idea ox creating ixi 
“ or near Paris an Observatory specially de voted to As trono rrx xc a.l 
< Physics. Moreover, it earnestly desires to see created an cstaol i wfi- 
“ ment which appears to it to be indispensable for the progress now 
“ required, as well as for the scientific reputation of the country. 

The question was therefore under examination wkon tho owta- 
mates for 1876 came to be discussed. But, on the 29 bh July 1 
M Lepkre, on behalf of the Budget Commission, inform eel the 
Habional Assembly that the Commission had had before tltcxn. a 


* Consisting of Messrs Emmanuel Aragb, President; A Selicuror-Kostnor, ^eo-rotary 
nd Reporter , Varroy, Eonjat, Tamisior, Viellard-Migeon, General Dubova- A resney, 


and . . „ . 
Garner, Pomel, 
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it 


Tliero waB 

it -was 


Yet he, for want of material assistance, had to remain inactive. 
We witnessed, with perplexed wonderment, the announcement ^ 
our Academv of Sciences week after week of ai i L ° 1 ’ + i u ". 

covery coming from eminent men anxious to do Jiistico to tnoii 
colleague, whilst regretting his enforced silence- -Lhero 
must be admitted, something painful for France m all this ; 
really a loss of moral strength and influence. 

M. Janssen had to turn his attention to other siibjccts, such as 
making delicate analyses of aqueous vapour, instructing and a dv us- 
ing aeronauts, undci taking important expeditions on behalf of the 
Academy. But he was unable to set foot in that very field oi dis- 
coveries which ho had so brilliantly inaugurated, and ho lias bad to 
leave to foreigners-the Lockyers, Zoclhicrs, Respighis, Socolus, 
Tacchims— discoveries the credit and fame of which might easily 
have been secured to our country. 

It has been asked whether it would not bo possible to place tno 
new instruments m the old Observatory of Paris ; whether such, an 
arrangement, which of course would be much less costly, would, not 
have the double advantage of gathering together savants who deal 
with branches of study which are, so to speak, parallel, and at the 
same time of enabling them to use all the instruments, old and new, 
placed at their disposal m one same Observatory. 

The learned reporter of the Academy of Sciences anticipated tins 
objection by pointing out that Physics occupies only a secondary 
position in onr National Observatory, that the astronomers are 
pretty well absorbed in the parent science, and that it is only 
occasionally that they can take up the new subjects. Ct There should 
c * certainly not be a complete separation ; but, by the side of the 
old Observatories of mechanical astronomy, the Academy would 
“ gladly witness the creation of a real laboratory of celestial physics, 

“ chemistry, and photography.” 

The wish expressed by the Academy of Sciences in 1873 has now 
become an imperative necessity, if wc are not to lose the fruits of 
the science we have created 

Impressed with this necessity, your Commission proceeded in 
Meudon, to ascertain for themselves what were tho advantages of 
the silo selected by Government. Under tho guidance of M. Jansson 
they went over the domain of Meudon, and visited tho Chateau and 
temporary laboratories, roceivmg from the Director the necessary 
explanations concerning the instruments, their installation, their 
purpose, and the way to uso them. Prom tho admirable photo- 
graphs of the sun which belong to the collection, the visitors were 
able to judge of the striking contrast between the results obtained 
and the insufficient means placed at tho disposal of tho learned 
astionomer. It is the hope of the Commission that the Senate will 
lose no time m voting tho building of the Observatory at Meudon, 
and thus supply a want from which our scientific reputation has 
been suffering for years past 

The site of Meudon and its Chateau appear to your Commission 
to be most favourable for the location of an observatory ; celestial 
observations require a clear sky, perfect immunity from tremulous 
motions of the ground, and an atmosphere free from the glare of 
gas. The site of Meudon fulfils these conditions. To the west of 
Pans, m a direction where west winds prevail, it is sheltered from 
the emanations from the city which taint and darken the atmo- 
sphere. It is near enough to secure the scientific advantages result- 
ing from the vicinity of a great centre j it is sufficiently distant to 
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Observatory of Astronomical Physics which is now being ; built at 
Potsdam near Berlin, and which is intended for the same studies as 
those atMeudon, has had a considerable piece of giound set ^ part 
for it m the Royal Park. The same thing has been done at Yienna 
and Brussels. 

Scientific precedent alone would therefore justify the park being 
appropriated to such a purpose ; but this would not prevent cci lam 
portions of the domain being given up to the public In accoidance 
with the wish expressed by M Janssen the large terrace which s in 
continuance of the “ Allee de Bellevue and which used to be m place 
of public resort, might be restored to the residents m the no 
hood and to the Parisians who used to frequent this beautiful spot, 
whence is to be had one of the finest views of the environs of Palis 
As regards the Observatory, there would be no objection to this 
terrace bemg used by the public, provided that th > torn be 
vacated at certain hours, and that it be not hgbte d at night , it is 
therefore essential that it should form part of the grounds uppio- 
printed to the Observatory. 

However, the Bill only contemplates a limited appropruitioii 
because the question of the ultimate appropriation of the enclosed 
space of “la Q-laciere,” and of that portion oi the park containing 
the rifle ranges formerly used by the troops camping m the park is 
still under consideration. The War Office has bciore it tbo question 
of a definitive site for these ranges, which, are of paramount ne- 
cessity. When this has been decided, and the xangos have been 
■withdrawn from the park, which is not likely to take more than a 
vear, it will then he possible to complete the appropriation and to 
transfer to the Observatory the whole of the private park, so as to 
secure that stillness and immunity from tromulous motions of tbo 
ground which are indispensable for carrying on such delicate 
observations as those relating to celestial physics 

The “Allee des Tilleuls ” which leads to the Chateau and tlie 
private park, being appropriated to the Observatory of Astronomical 
Physics, the cost of maintenance, including only lawns and walks 
without shrubberies or flowers, has been estimated at 15,000 Irenes 
(600 1) a year This sum with the 50,000 francs (2,0001 ) included 
in former years make a total of 65,000 francs (2,600 L), which will be 
the usual vote, and appears in the estimates for 1880. 

The complete restoration of the “ Chateau do Meudou” has been 
estimated at nearly three millions of francs (120,OOOZ ) ; the archi- 
tects only ask 422,000 francs (16,8801) for the partial restoration, 
which would, as wo have seen, have the result of retaining the most* 
interesting portions of the building, and would give a very correct 
idea of the style of the original structure. Of course, it is a pity not 
to be able to reconstruct entirely a building of such architectural 
merit ; but, having regard to the saving effected by the new scheme 
of appropriation, to the important scientific requirements which it 
meets, and to the possibility of preserving at all events the charac- 
teristics of Mansart’s work, and at the same time fulfilling the two 
first-named conditions of economy and utility, there should be no 
hesitation m adopting the proposal of the Government. 

The purchase and installation of the instruments and laboratories 
are estimated m the Bill at 516,000 francs (20,6402 ). 

The total expenditure is 1,035,000 francs (41,4002)) including 
97,000 francs (3,8802.), for repairing outhouses and enclosures. 


t 



73 


Rainfall, and Famines, “Nature,” November 2 5, 1880, 
and December 2, 1880. 

39. P. Smyth, Transactions of the Royal Society of 
Edinburgh, Vol. XXIX., page 637 ; also Edinburgh Obser- 
vations, Yob XIV. 

40. E. J. Stone. Proceedings of the Royal Society, 
Vol. XIX., page 389. 

41. W. Koppen. Zeitschrifl fur Meteorologie, Vol. VITL, 
i 873, pages 241 and 257. 

42. II. F. Blanford. Letter. 

43. P. Smyth. Sunshine Cycles. “ Nature,” January 
15, 1880. 

44. C. Meldrum. On a Periodicity in the Frequency of 
Cyclones in the Indian Ocean, South of the Equator. Re- * 
port of the British Association for 1872, Part 2, page 56 

45. A. Poey. Sur les Rapports entre les Taches Solaires 
ot les Ouragons des Antilles de L'Atlantique-Nord et de 
1J Ocean Indien Sud. Comptcs Rendus, Vol. LXXVII., 
1873, page 1223. 

46. II. Jeula and Dr. Hunter. Sun Spots and Famines. 
Nineteenth Century., November 1877. 

4 7. 0. Meldrum. On a Periodicity of Cyclones and 
Rainfall in Connexion with the Sun Spot Periodicity. Re- 
port of the British Association for 1873. Part 1, page 
t66. 

48. 3. N. Lockyer. The Meteorology of the Future. 
“ Nature,” December 12, 1872. 

4 9 Same as 46. 

50. (Jr. Wex Ingenieur Zeitsclirift, 1873. 

51 II. Fritz. Ueber die Beziehungen der Sonnenflecken- 
Periudc zu den Aiagnetischen und Metcorologischen Erscbei- 
mtiurender Erde. Haarlem (Published by De Erven Loos- 
jacs^ 1S78). 

52, G. M. Dawson. The Fluctuations of the American 
Lakes and the Development of Sun Spots. “ Nature/ 5 
April 30, 1874. 

53 “ Nature,” January 19, 1882. 

5 1. Proceedings of the Literary and Philosophical Society 
of Manchester. March 7, 1882. 

55 G. Cl. Stokes. “Nature/’ Vol XXIV., pages 593, 
613. B Stewart. “ Nature/ 5 Vol XXIV., pages 114, 150. 
J. N. Lockyer. “ Nature,” Vol. XXIV, pages 267, 296, 315, 
365, 39 L Captain Abney, R.E. “Nature/ Vol. XXV., 
pages 162, 187, 252. 



152 


APPENDIX D. 


Translation of that part op the Report op tile Wilna Obser- 
vatory por the Year 1871 which refers to Solar Phenomena. 

In the first half of the year 1871 small scattered spots were 
observed in the northern hemisphere of the sun in latitude 10-22° : 
they had occasional off-shoots to 4°, and occasionally they appeared 
singly between latitudes 32° and 38° ; m the month oi JB obruary 
there were hardly any, but m March they appeared in that zone 
m somewhat larger numbers, widely extending’ between latitudes 4° 
and 32° in the month of June, but during all that period their total 
area occupied nearly one and the same extent of the solar stir lace. 

In the month of January there was only one spot of medium size 
m the southern hemisphere , by the end of that month, liowever, 
there ajipeared, between 8° and 20° latitudes, a considerable number 
of spots, which succeeded each other, and which, during the months 
of February, March, and April, spread over an extent of the sun’s 
surface twice and three times larger than that occupied at the same 
time by the northern spots In the month of May the number of 
the southern spots began to diminish, and reached a minimum in 
the middle of June. 1 * About this time the spotted zones in both 
hemispheres formed a visible zig-zag as compared with their former 
extension, first moving to the north and then, in the middle of 
July, to the south After that the spots in the southern hemisphere 
were quite invisible until the 10th of August, and in the north the 
zone shifted to between latitudes 14° and 26° In the middle of 
August an immense spot appeared (toVoo whole °** sun’s 

surface), and a mass of small spots spread to latitude 32°, remaining 
within those limits to the end of the year, covering m the aggregate 
nearly the same space all the time. In the southern hemisphere, 
after an absence of spots during 20 days, a very largo spot (nearly 
Yoioo of the whole of the sun’s surface) appeared ^ on the 1 2th of 
August, a little earlier than the immense spot in the northern 
hemisphere above mentioned. This rapidly diminished in size 
between the 18th and 23rd of August, and after this a zone of a few 
very small spots again described a zig-zag, moving at first towards 
the south. The zig-zag of the spots in the north, formed at the 
ame period, corresponded with this one In the month of Novem- 
ber there was an increased activity in the southern hemisphere ; the 
spots beeping between latitudes 8° and 22° ; in the month of 
December there was less activity here, while in the north it increased. 
In the month of November the total spotted area of the south 
exceeded by seven times that of the north, and in December the 
northern spots, spreading between latitudes 2° and 26°, occupied an 
area four times as large as that occupied by the southern spots. 

Summing up the total areas of the spots on all the negatives for 
each visible period of the sun’s revolution, taking this at 27 * 27 
days, and dividing this total by the number of views taken, we 
obtained approximate averages of spotted areas seen every day of 
the period. 


* The dates are new style . 
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Memorandum- as bo one Mode of Dealtnu with the Indian Solar 
Photographs. By PjtoFmsoR Gr (I. Stoker, See B.S 

L assume blio available data bo be a set of* ] holographs, each taken 
at a known time, and presenting one fiducial line, whether it be the 
shadow of an equatorial ly mounted wire, or the common chord of 
two solar images taken on the same plate after a suitable interval 
■without disturbing the telescope m the mtci tin 

'Taking the photographs in chronological order it will he con- 
venient m the first ms tan co to attach refeiencc nnmhors to the 
s[)ots, which might be wi ittcn on a waste ])ositivo, or on a hand 
sketch. In successive photographs of what is •luiqiiestionabhi the 
same spot, it would bo well to use the same reference number 
followed by a distinctive letter, A, B, (J. 

Per anything beyond a statistical enumeration of numbers and 
•irons the ln\sb stop is to measure the position of a spot relatively to 
the sun's disc and the fiducial line. Per this 1 have thought of two 
plans, the first the simplex and cheaper, the second the more 
•imiraLo and complete. 

The first is to rule with diamond on glass, or hotter perhaps etch 
on glass, a network of crosslines, the interval being, say, the 100th 
pait of the average diameter of the photographed image. The 
photograph being placed with tho collodion uppermost, the scale 
is laid oil it, with the ruled lines against the collodion, and one set 
parallel to the fiducial lmo Tho scale might lie centred on tho 
photograph, but tins would involve some trouble unless the scalo 
wcie provided with slow motions m two directions, and then the 
photograph might be injured unless a little space wore loft between, 
in which ea.se errors of parallax might come m. Instead of attempt- 
ing more than a rough centering, it would seem best to read both 
limbs anil the spots just as they he, when by a simple calculation 
we get the abscissa'Of the spots referred to the centre of the disc, 
and the diameter of tho disc. [ will suppose that the latter plan is 
adopted. In that case tho figuring of tho graduation had best go 
from zero on the left, instead of having the zero m the middle. 
Supposing the photographs about 4 inches m diameter each interval 
would he about the 25th of an inch, and might ho divided by 
estimation to lOths 

We should commence with tho readings taken m a direction 
perpendicular to the fiducial line. Using a lens we should read the 
first limb, the spots ui succession, the second limb. A thread 
moving parallel to the fiducial line would ho required for guiding 
the eye down a ruled line to tho lower edge whore the graduation is 
figured Precisely the same process would have to lie gone through 
for the readings in the perpendicular direction. 

An exceedingly simple calculation would then give the two co- 
ordinates of a* spot measured from tho centre of the imago, and 
referred to radius J00. 

It may be noticed m passing that tho effect of terrestrial refraction 
is eliminated by referring each set of oo- ordmatos to tho measured 
diameter in its own direction It is only, howovoi, in case the 

K #24. 
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Tfc is jci-y probable that during a certain period of +,w «, , t , 

areas of the northern and southern spots arc always equS ^ t0tal 

Tbo "in tal or the areas of all the spots ou 77 photom/nb« - no 
consequently, every day in the year about — r_ of tip 
was covered with spots. Tho largest spots wVrl ni« i 1 S , surface 
of August. On that clay immense ^ gtmps we^tsMeio 
o>o; ouo oC them equalled 1,010 millionths and Tnnflia 
boo ths of the entire surface/ or about ^ “l 1 ' 
snrlaco ; the next largest groups seen nr theVmreeof the 'ye™ 
n '» I!SO 9,11. millionths, 051 niillionths, and 458 rnknnt f /, 
cnl ire surface. Thus, m tho year 1871 there appeared snot i A® 
pcviocTof J^ 1,ly ^ ar ® <JL ’ fhan'llioso observed duiung the P m aMmS 

The spots most remote from tbo equator were observed under S8 3 
latitude m idle north hemisphere, and under 29° m the south tho 
nearest to the equator were m -f- 2° and — 1° Genemllv cm^oi’ * 1G 
during, the last three years, about the last maximum, thefts were 
most distant iroin the equator; five spots were observed Tear 
latitude ,,S J ; three about latitude 40 - 13 ° , one at 514 ° latitude 

v™.!°«qo i r? VC i" r °^ri 0 u' at ' I< u S l01 ’ 180i andl86 8we found only one 
j c.u «>8 latitude ; all the others were much nearer to the ecpiator. 

Tho following is a table showing the distribution of the various 
HpotH aeoovding to latitudes-— 
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circles, the equators of the two axes respectively. These circles are 
tinided into degrees, or better to 20'. One pole represents the pole 
of the ecliptic, the other that of the sun’s equator 

The globe being mounted so as to turn for the ecliptic, the places 
of the spots referred to the celestial sphere arc entered on it by 
means of the latitudes and longitudes found as above. When a 
sufficient number are entered to make it worth while, the globe is 
mount ul so as to turn about the other axis. An arbitrary origin of 
time is taken, say 1879, 3 anuary 1, Greenwich mean noon The dates 
of the photographs, i cckoned from the beginning of the year m days 
and fractions of a day, are divided by the assumed time of the sun's 
rotation, and the integral rotations being omitted, the fraction of a 
i otafion is converted into degrees. Call this angle A The spots 
marked on the globe for a given photograph are then all set back 
by the value of the angle A for that photograph, and marked on 
the globe m ink of a different colour. 

We shall thus have depicted, not only the places of the spots on 
the celestial sphere, but their places on a sphere turning with the 
sun. 

it would lie desirable to lay down m the ecliptic position or 
rather mounting of the sphere, not only the heliocentric places of 
tin; spots, but also those of the earth in the ecliptic, and to have 
piOMdcd a brass limb, a little more than a quadrant, which is loose 
and intended merely for a ruler Perhaps a mere flexible strip of 
metal would bo better When a spot is observed a good way from 
i bo centre of the disc, the quadrant rule should be laid down 
between the places of the earth and the spot, and a line, longer or 
shorter acco.dnig as the spot was observed more or loss near the 
edge, drawn through the place of the spot This may he afterwards 
u sis fill in comparing results, since the position of the spot along the 
drawn line is more or less uncertain 

When the globe gets too full, the entries on it cm be copied out 
on two plane maps, one for celestial and the other for bolar places, 
the old entries on the globe painted out, and the globe used afresh. 
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A (Jvpalo cue of Solar PtCTUXtES and PriOTOGJRAPiis, extending from 
the Loginning of 1832 to the end of 1877. By Warren De 
JjA Hue, Esq , M A , D C.L , F.B.S , and Professou Balfour 
Stewart, LL I) , P.B.S 


1. The first senes of sun pictures having any considerable pre- 
tension to accuracy is that of Hofrath Schwabe 
This series extends from 1825 to 1807, and the original pictures 
are now in the possession of the Boyal Astronomical bociety. 
Tracings taken from the whole series arc in the Kow Observatoiy 
The Value of llofrath Schwabe’s drawings has been tested by 
Messrs. De la, Hue, Stewart, and Loowy, and the results of their 
examination have been communicated to Lhe Eoyal bociety (iini. 


Trans. 1870, Part II , page 389). . 

A cursory inspection of the drawings revealed to these observeis 
the existence of several progressive stages in Hofrath Schwabe s 
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4th September — I was able to sec the sun for a few minutes, and 
then saw that the nucleus showed more signs of internal disturbance 
A hasty spectroscopic examination showed that the hues were more 
widened than yesterday 



8th September — If ad a glimpse of the sun after four very cloudy 
days, but could not see spot Made a hasty spectroscopic examina- 
tion of the sun’s western hmb, but could not see any prominences. 
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ary 25th of the same year we have three groups, of which the united 
area (allowance being always made for foreshorten mg) was 53 i* 
millionths of the visible hemisphere 

5 Besides the continuous series above mentioned, Schwabc’s ro- 
sul fcs have been made use of to fill up a gap, ox Lending from tho 
end of March 1861 to the beginning of February 1862, during which 
intciwa, 1 no other regular scries was taken. (In the catalogue 
1861 ) ° ,,S 1)1<?tlir0B aro TOCOvded throughout the whole of tho year 

6 . The following table exhibits the list of other solar observations 
(besides those of Schwabc already mentioned) recorded in tho 
present catalogue, which ends with the year 1877, this year nearly 
coinciding with the period of minimum sun spot frequency. 


Llble or other, Solar Observations recorded tn tiie Catalogue. 


Name of Station. 

Nature of Process. 

Maik in Catalogue. 

Redhill, near London (Car- 

Very accurate eye 

li in those cases where 

rington’s Series ) 

observations. 

Carrington’s obser- 
vations are mixed 

New Series (Dr De la Hue) 

Photographic - 

with o the is 

K 

E 

Ely Senes (Rev. W g e p 

Do 

wyn) 



Wihu Sciies (Dr Smysloff) 
Greenwich Series (the As- 

Do. 

w 

Do. 

G 

ti onomei Roy »1) 


Moscow Series (Dr. P 

Do 

Mo 

Bi ediclun) 


Canibiidge, IT.S. (Prof 
Pick eung) 

Do. 

C 



Mauritius (Di Mcldrnm) - 

Do. 

Ma 

Melbourne (Australia;, Mr. 

Do. 

Mo 

Eller;. 



7. Notes regarding the various Sun Pictures. 

When possible the exact time of each picture is given in Greenwich 
mean civil time to the hundredth of a day 
Thus for instance, Carrington’s picture on January 9, 1859, 1ms 
|;h° figures *50 attached to it; this denotes that it was taken at 
(Greenwich) mean noon of January 9th, the civil day being rock omul 
from the previous midnight, so that noon denotes *50 
Sometimes, however, the exact time of the picture is not given. 
In this case a point and two figures are replaced by three points - ~ 
thus for instance, K * denotes such a picture taken at the Kmv 
Observatory If there arc two such pictures in a tlav thov :iro 
indicated thus, 3v* *, * * , and so on 

. As far as Carrington’s series is concerned the absence of an exact 
time for a son picture means a disk without spots. 

The Ely Solar Photographs have been bequeathed by the la, to 
Canon Selwyn to the Royal Society. The exact times of these 
pictures have not been given by Canon Selwyn, but the SSolar 
Physics Committee believe that they have the means of ultimately 
obtaining these: meanwhile, however, the days, although not the 
exact times, on which Lhe Ely pictures were taken arc recorded in 
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The number to the left of the point denotes the total spotted aiea for the day m millionths of 
the sun’s visible hemisphere. 

The number to the right of the 2 >onit denotes the numbei of groups of spots present on the 
solar disc. 
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Th,. mimlK'i' to l)ii> left of tho point denotes the total spotted area for the .lay in millionth* of 


tin- Mia's visible hemisphere 

The mimlior to Iho right of the point denotes tho number of groups of spots picscnton the 
solar disc. 
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.APPENDIX G-. 


On a. ACktitod ov hetectin., the unknown- Inequalities op a 
feisniEs ^ op Orseryations By Puoeessor Balfour Stewart, 
I* 1 * tt.S.' 1 

1. Our chief reason for suspecting the existence of a connexion 
benveon the state of the solar surface (as this is revealed hy spots) 
and the magnetism and meteorology of the Earth is derived from 
the tact that our observational scries of sun-spots, on the one hand, 
and of magnetical and meteorological changes, on the other, are 
believed to he all subject to a common inequality, -whoso period 
(about 11 years) is virtually the same in all. 

But as it is only of late years that observations of great accuracy 
have been made m these three branches of inquiry, it is impossible 
to compare together more than a few scries of this long-period 
inequality, and hence some observe! s are still inclined to doubt the 
reality ol* a true connexion between the Sun and the Earth of the 
kind above-mentioned. We are thus led to ask ourselves whether 
there may not be other inequalities of shorter period in these various 
observations, and whether we cannot devise some means of ascer- 
taining* the exact periodical times of these as well as their other 
properties. 

Wo might thus expect to decide the question regai ding* a con- 
nexion between these three branches, for if solar observations and 
those of terrestrial magnetism and meteorology all exhibit a series 
of inequalities that are 'essentially the same in each, it is impossible 
to call in question the reality of some connexion between them. 

2. The researches of Broun, Hornstem, Buys Ballot, Baxendell, 
and others have indicated the probable existence of inequalities m 
magnetism and meteorology, with periods of comparatively short 
length. Messrs. De la Rue, Stewart, and Loewy have likewise 
observed indications of a short-period fluctuation in sun-spots ; but 
I am not aware that any systematic attempt has yet been made to 
ascertain with great precision the exact period or periods of unknown 
inequalities either in terrestrial or in sun-spot observations. 

3. Iti order to illustrate this method of detecting inequalities let 
us begin by taking a well-known case. 

Suppose that we had in our possession extensive records of the 
temperature of the Earth’s atmosphere at some one place in middle 
latitudes, and that, independently of astronomical knowledge, we 
were to make use of these for the purpose of investigating the 
natural inequalities of terrestrial temperature. We should begin 
hy grouping the observations according to various periods taken, 
say, at small but definite time-intervals from each other. Row, if 
our series of observations were sufficiently extensive, and if some 
one of our various groupings together of this series should corre- 
spond to a real inequality, we should expect it to exhibit a well- 
defined and prominent fluctuation, whose departures above and 
below the mean should be of considerable amount Suppose, for 
instance, that we have 24 points m our series, and that we group a 


* A description of this method has been Riven by the author m conjunction with 
Mr. Dodgson in a preliminary Repoi t to this Committee, and in a s-econd Report the 
method has been applied to terrestnal magnetism and metcoiology. (bee Fro li b, 
May 29, 1870, and Nov 20, 1879.) The progress of the subject since these preliminary 
Reports renders it desirable to recast their slnpe as well as to add other matter 1ms 
is done m the present communication 
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Tll( . uumlicr to tlic left of the poml denotes the total spotted area for the day in millionths of 


1 he* sun's visible* hemisphere. 

The number to the right of the point denotes the number of groups of spots present on the 


solar (lint*. 
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0. A glance at the sums of tins table for the whole 16 years will 
sufli.ee to show that 24*25 clays do not correspond to the exact period 
ot any marked inequality. The sums are small, and we conclude 
therefore that we have not been fortunate m our chance selection of 
a period to begin with , but tho peculiarity of this method is, that 
it will enable us to ascertain tho true position m the time-scale of 
the neighbouring prominent inequalities by means of the results of 
liable I. . Tho method of doing this can easily be rendered evident 
Kucli horizontal row of Table! consists of 21 numbers, and there 
are 1(5 years, beginning with 1858. Wc may, therefore, call the 
numbers of* the first royr (0) M , (l) r , s , (2) 5S , &c.* (23)* s , those of the 
second row (0) 3 «„ (!),,» (2),,„ &c., (23) lV „ and so on for each row. 

Tii this table, therefore, each vertical column consists of similar 
numbers for the various years, adopting the notation now men- 
tioned. 

►Suppose, however, that we displace these values as follows 


1858 . 

• (0).rt 

(Do* 

(;2)ss . 

• (21)*, 

(22) j8 

(23)s s 

1859 . 

• (!).-,» 

(2)„ 

(3)o'l 

• <aa)« 

l23) ss 

(0). 

1860 . 

. (2 ) m 

(3)«> 

(4)oo . 

• (23)o„ 

(0) B 

Uo 

is?;; ’ . 

•’(U>)» 

m-s 

(17) 73 ’• 

• '(1‘2) h 

(13) 7 3 

(14)73' 


TT ow, il‘ wc add up the various vertical columns of this senes the 
sums will represent an inequality somewhat larger in period than 
*2 4*25 days. for it is manifest that if wc have a regular series of 
waves whose \ alues we plot numerically after the manner of Table I., 
iho consequence ol adopting too small a tune-scale will be to throw 
any salient point of the wave, such as the crest, always further and 
further to the right, and to correct tins we should have to pull the 
whole series a little to the left each tunc how, this is precisely 
wlmt we have done m the above process, which will thus give us the 
representation of an inequality of a larger period than 24 25 days. 
It is easy to find the exact length of period which the above series 
represents. We pull everything to the left nearly one day, but 
more accurately the 24th part of 24*25 days in one year. If, tliere- 


24*2 

lore, 365*25 days gno 


what will 24 25 days give? We find 
from this proportion that the period of the inequality indi- 
cated by performing tho above process is 24 25 -f 24 ^ 365 ; 25 


— 24*317 days. Again, we may pull things to the left two, three, . 
or four divisions each year, and thus obtain tlie 1 epresentation of 
inequalities with periods of 24*384, 24 451, or 24*518 days 

Or wo may perform the opposite operation of pushing things^ to 
the right one division each year, and thus obtain the representation 
of an inequality, having a period of 24*183 days, while 2, 3, or 4 such 
divisions each } car would give us periods of 24116, 24 049, ox- 
23 *982 days. 

10. It has been found necessary to push things not merely by the 
multiple of a whole division, right or left each year, but hy the 
multiple of half a division. 

To accomplish this wc must obtain for every alternate year a 
series of ball- way points, which is best done by converting tne senes 
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The number to the left of the point denotes the total spotted area Coi the day m millionths of 
the huu'h ’visible hemisphere. 

The number to the right of the point denotes the mtmbor of groups of spots present on the 
solar disc. 
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15. When the method is applied to Table III , we obtain the fol- 
lowing results — 


Table I¥. — Exhibiting the results of the above method applied 
to the numbers of Table III. 


Divisions from 
1101 mal. 

-7 5 
-7 0 
—6 5 
-GO 
-5*5 
-5 0 
-4 5 
-4*0 
-3 5 
-30 
-2*5 
- 2*0 
-1*5 
-10 
-0*5 

.Normal - 
4-05 
4-1*0 
+ 1*5 

+ 2 0 - 

+ 2 5 - 

+3 0 
+3*o 
+ 4 0 

+ 4 5 - 

+ o*0 
+ 5*5 
+ 0 0 


Exact period 
m days. 

23*5072 
23 5400 
23 5729 
23*0057 
23 6380 
23 6715 
23 7043 
23 7372 
23*7700 
23*8029 
23*8357 
23 8686 
23*9014 
23 9343 

23 9671 
21 0000 

24 0329 
24 0657 
21 0986 
24*1314 
24 1643 
24*1971 
24 2300 
24 2628 
24*2957 
24 3285 
24 3614 
213913 


Magnitude of 
inequality. 

1310 

1280 

2568 

2710 

2128 

1070 

674 

1260 

1500 

922 

1394 

1976 

1096 

1754 

2464 

3364 

2960 

1974 

1032 

1548 

2174 

2160 

1664 

1278 

1570 

1456 

951 

1110 


10 The results of Table IV. are exhibited graphically by means 
of a curve m Fig. II ! 

U will at once bo seen by comparing together the two curves 
(Figs 1 and II ) that they both exhibit as nearly as possible the 
same positions for maximum inequalities. Thus, by selecting at 
random tho period 24*25 days, wc are by this method referred to 
nearly the true positions of the various maximum inequalities. 

Before proceeding f wither it ought to be stated that the above 
series of ooservations of the How Decimation Range has been given 
rather us having been that first employed for illustrating the method 
than as pretending to represent the best clement to be discussed 
from a scientific point of view. Having employed this series to 
explain the details of the method, it has served its purpose, and 
we now proceed to apply tho method to observations of sun-spots. 

17. For this purpose, lot us take daily values of total sun-spot 
areas and commence with Solrwabc’s observations which. Bare Re- 
corded m Appendix B. These extend from 1832 to 18o3 inclusive. 
From 1854 to I860 inclusive wo have for the same purpose Garnng- 


* This curve goes somewhat beyond tho limits of tho table 
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SomvABE’s Sun Pictures, 1840. 
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'I lie nuinher to the left of the point denotes the total spotted aiea for the day in millionths <>i 
tin* hun\s visible hemisphere. 

mini Inn to tho light ol* the pmiit rteuofe.s the* number ♦ >( gumpo of .spots present on the 
solar disc 
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1,000 that arc recorded with plus and minus signs in the following 
table, which is m this respect identical with Tables I. and III. 
Before exhibiting this table it will be necessary to make two 
remarks. In the first* place, in certain minimum years the obser- 
vations which exhibit suu-spots are sometimes too nnfrequent to 
render the year tabulated as above m rows of 24 a trustworthy 
representative of the inequalities we are in search of In such cases 
wo have taken m addition, half a year on each side of the minimum 
year, so that we have thus the mean of two years instead of one, 
the central point of the series, however, being as before the middle 
of the minimum year. 

This treatment has been applied to years 1833, 1844, 1855, and 
1856. 

It is also necessary to remark that it has not been deemed neces- 
sary to apply the equalisation described m Art;. 8 to these sun-spot 
observations ; but with this exception, the process already described 
has been exactly followed in obtaining Table Y. 

Table YI. has then been deduced from Table Y. m the manner in 
which Table II. has been deduced from Table I. 

The results of Table YI. are graphically represented m the 
diagram which accompanies this paper, Tig. III. 
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e 

i J " 

h’i u 

Mm 

1 

Aim 

Mw 

Jim, 

Jill \ 

Aim 

Ski t. 

Oct 

Nov 

Dec 

— 




- 

— , 










i . 



0 0 

0.0 

7S 1 

108. 1 


00 1 

381 2 



0.0 

i) i 



0 0 

0 01 120.1 

210.1 

57 0. 1 

%.? 

501 2 

510.2 

42.2 

0 ( 

•> ! 
1 

0 o 


*- - 

0 0 

12 I 

210.1 

510.1 

222 2 

516.2 

360.2 

312 1 

180 1 

1 

i 





0.(1 

222 . 1 

270 I 

108.1 

120.2 

390 3 

300 1 


7> 


0 (1 

1 *20 2 

0 0 

;»i i 

198 1 

.‘hit) 1 

0.10.2 

37)1 2 

270 2 

282 2 

90 1 

(1 


“1 - 

1 it. 1 2 

>‘ ! -l 

12,2 ;i 


I .‘12 . 1 

552 2 

.118 2 

258 3 



7 

0 0 

PI " 

' .MS . 12 

7S 1 

210.3 

150. 1 

50. 1 

180.2 

108 8 


GDI) 2 


iS 

0 0 

300 2 

« » “i.* 2 


ISO, 1 

ISO 1 

0.0 

150 1 

258.1 

288 3 

492 2 


<1 

0.0 

372. ■ 



i5o. i 

222. 1 

0 (I 

150.1 

210.1 




1 o 


lM.,2 


;;d(. *» 

io.s.,i 

7)10.2 

0 0 

102 1 


180.1 

738.3 


11 ! 


:»s° • 

1 *■'0. J 

oi y 

1 os . 1 

J2I 1 

0 (1 

.111! 8 

228 l 


702.3 

390 ,1 

1 2 

iMt.I 

•i » 1 2 

0 102' 


ot» 2 

ISO 1 

0 0 

ft lb 2 

108 1 


80 1.3 

222 2 

i:i 


:sm» i, 

• i22 ,» 

00 1 

.100 1 

0 0 

ft 10 2 

210.1 

102 2 

7f>G A 


1 1 : 

,v,r». 1 



720.2 

7*2 1 

120.1 

0 0 

558 2 

108 1 


432.3 


1 

- 

ms - 

ii.j.j .j 


t.o I 

.too 1 

0.0 

0 12 2 

270 l 

261 3 

390 3 

120 1 

in ; 

i 

: i.i." ;•! 




27o si 


0 0 

528.2 




120 1 

17 i 

aiio.'J, 

h. I| 

i 

fw 0 ‘2 


22S.2 

0.0 

171 2 

0 0 


900 ft 


is 1 

•' ,r ” •! 


I.iO 1 

120. 1 

IS 2 

17)0.2 

0 0 

2io a 

0 0 

510.3 

492 ft 

L2 1 

I'» 1 

|i 

I ;i!" i| 


0‘)|. | 


‘21 1 

2 It) 2 

0 0 

211.2 

0.0 


216.3 

12 1 



1.0 l 

000 I 

:ua •• 

1 

0 0 

210 2 

0 0 


12 1 

7,18 3 



•21 i 1 

| 

1 *20 1 

;i> “ 

on. u 

0 0 

riot* i 

0 0 

51.2 


021.3 

180.1 


SJJ | 

i ms .3 

.10 1 

0 0 

IV 1.2 

O.t) 

282.2 

0.0 

12.1 

00.2 

381 3 

198.1 


•J 1 j 

1 

O.t) 

0 0 

2I» 1 . 2 

0.0 

0 0 

0.0 

0 0 



150.2 

210 1 

iii ; 


0 II 


l‘*0 1 

0.0 

0 0 

0.0 

0.0 

18.1 

*150.2 

270 1 


2.1 i! 

I 

r* i 

" " 

tut) 1 

1H.I 

M 1 

non. i 

18.1 

0.0 

12.1 


300 2 

228 1 

tm 1 

i i i i 

0 0 

0 o 

00. 1 

<50. 1 

.tt)0. 1 

is 2 

18-1 

0 0 


150.2 

210 1 

- 7 ! 

0.0 


12. 1 

! 2i.i 

72 . 1 

300.1 

21b .‘1 

12,1 

0 0 

378 2 

372.2 

210 1 


0 0 

0.0 

1 l 

IS 1 

8 1 . 0 

.‘112 1 

210 1 

102.1 

0.0 

321.2 



I' 

‘2 it i 

, 0,t. 


0 0 

i:»t. o 

150 it 

ni 2 .i 


270 1 

78.1 

270 2 

12.1 

222.2 

2,0 1 

1 

1 


0 0 

Ilf.! 

.‘112 1 

120 1 

I'M. 2 

102.2 




, 

•*» I 

1 

i 

0.0 


0 0 


210.1 



72.2 






Tin* nil ml) or to tin* left of the point deuolea tin* total spotted ami for the day in milliouthH of 
tin* sun’s vidhh* hemisphere 

The number to the light of the point denotes the number <>1 groups of spots present on the 
jtolar dise 

li S2 1 


G 



189 


shall obtain values corresponding to a change of one division every 
four years, or 1th or ^th of a division each year with sufficient 
accuracy 

Again, inasmuch as the whole 36 years have while deducing from 
ihem Table YJ. been split up for convenience into three series of 
12 years each, we may lake any three such senes and slide the 
second of these so as to dilfer one point m phase from the first, and 
ihe third .-o as to differ one point from the second, and thns obtain, 
by summing up, an inequality corresponding to a period winch 
differs from that of the ongmal inequality before being so treated 
])> ,bth of a division on either side 

21 Performing this operation for the region ronnd about 0 0 we 
obta< n as -follows — 


Table VJLL — Exhibiting m detail the district on either side of O’O 
(2 (.< days) . — 



Magnitude. 

Period 

Magnitude 

. 

- 22812 

+* - 

- 27208 

- 

- 25101 

+A - 

- 30826 

_ 

- 26276 

+A ■ 

- 25923 


- 25580 

+T% ■ 
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_ 

- 25396 

+ 1 % 
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4— !'_ 
t i a 

- 20265 
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+A - 

- 17245 
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+TT - 

- 16949 
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+A ■ 
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+ 5‘j - 
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- 15(84 

+h - 

- 20354 
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- 26750 

+u • 

- 24116 
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- 26390 

4 . .u 

i la 

- 21364 


Eii this district, there (ore, the maximum is at -i— r 2 £, an( ^ ^ 1S ^ ills 
inequality* which we now wish to represent after having cleared it 
fruit l the influence ol neighbouring inequalities Of these there are 
first of all three large 'but distant inequalities beyond the above 
district, the positions of winch we may suppose to he given with 
sufficient precision by Table VI , namely, those at Tit* aiL<a 

-j- Vi . There arc next inequalities at — and which are 

perhaps sufficiently well indicated, above m Table VII There is 
also another inequality indicated by the above table, which, alter 
eliminating the influence of its neighbour, is found to beat — x %. 
It thus apyoars that there are probably six inequalities, the ettects 
of which might to be eliminated from + T % and these have the 


positions* — {*}» 


_ <L J-.ua 4 _ii? 4 - 3-0 

o 5 I 1 2 j I 1 2 5 > 12 


UBI IULU.IJ.O* -L iJ 9 12’ I 1 ( 111 . £> 

22. Let us now correct the inequality ^ or effects of 

these six neighbouring inequalities, taking the latter as they stand. 

It will bo unnecessary to describe m detail the method o± applying 
this correction. Suffice it to say that the influence of the neigh- 
bouring inequalities is obtained and algebraically cle ^ a< ? t f d 1 

When these corrections have been applied we get the following 

result : — 
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j The number to the left of the point denotes the total spotted area for the day in millionths of 
the sun's visible hemisphere. 

/ the number to the right of the point denotes the number of groups of spots pxesent on the 
solar disc. 

o 2 





The position of the inequality is now therefore as nearly as 
possible .it, + ',+ , or ai least nearer + !j‘J than +51. 

hi 'fable X tin* results of this elimination are given as lie fore for 
<>\er\ four} earn 

It, will be acknov lodged that in Table X. there are evident traces 
of repetition. 

Again tappl> mg (Jouoral Btiachoy’s tost), the mean difference of 
the individual observations of Table X from the mean of the whole 
Mt*rie« is found to be 2 til, while their mean dillereiice from the 
report i\ e calculated four-years’ means is found to be 19 4 2. The 
dillerenee is tlu‘rc»foro reduced in the proportion of 1 to 0 78. These 
to^ts are thus in favour of the reality of the period given m 
Table X 

The mean inetpiality of Table X. is graphically iicprcsented m 
Ttg. \ r i. of the diagram which accompanies this paper 
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Schwabe’s Sun Pictures, 1846. 
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The number to the loft of tho point denotes the total spotted area for the day in millionths of 
tlio sun’s visible hemisphere. 

The number to the right of the point denotes the number of groups of spots present on the 
solar disc. 
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Sohwabe’s Sux Pictures, 1848. 



The number to the left of the point denotes the total spotted area for the day in millionths of 
tbe arm’s visible hemisphere. 

The number to the right of the point denotes the number of groups of spots present on the 
solar disc. 
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32. The sun-spot inequality with period =24 011 days is repre- 
sented in Fig IV., and the Toronto temperature range inequality 
with period =24*022 days is represented m Fig. V. of the diagram 
which accompanies this Appendix. 

It will be noticed that there is a very considerable resemblance 
between the corresponding sun-spot and temperature curves , the 
latter lagging somewhat behind the former. 

Another point worthy of remark is the small range (as compared 
with that of sun-spots)' of the temperature inequalities. This may, 
perhaps, be viewed in connexion with the well-known fact that the 
proportional terrestrial variations which accompany or follow \ avia- 
tions m sun-spots between years of maximum and minimum are 
much smaller than the proportional variations in the spots them- 
selves. 

It will likewise lie noticed that m the three consecutive senes of 
12 yearly temperature inequalities there are considerable signs of 
repetition, although this is not so marked as in the corresponding 
sun-spot numbers. 

Let us now apply General Strachey’s test to these 12 yearly series 
precisely in the way in which wc previously applied it to the sun- 
spot scries of four years. 

By its means we find that, hy assuming the supposed law of 
variation, the mean difference is proportionally reduced from 1 to 
0*56 in the case of the sun-spot inequality at +■&, while for the 
corresponding temperature inequality at -f-yb, it is only reduced 
from 1 to O’ 84. 

33. Let us next obtain in detail particulars of the region -round 
about -Fj’2 Wc get the following result *— 


Table XIV.- 


Penod. 


+ LJ 
+ ii 
+ !5 
+ 15 

4- I 7 

i i a 
_L_ i.s 
i i a 

+ :s 
+n 

+?i 
+ ?! 
+ ?i 
+ vi 
+ 

+ ? 2 - 

+ Vs 

■ ;■ k 
^ l Jt 

+ 75 
+ri 


-Exhibiting in detail the region on either 
side of +\T- 

Magnitude. Pei iod. 


2178 

2658 

3546 

4228 

4734 

4656 

4240 

2672 

2788 

2474 

4250 

3160 

1740 

2580 

2880 

2542 

3724 

5582 


0 1 


n o 
Ta 

70 


Magnitude. 

- 6800 
- 6682 
6458 
6146 
6322 
5940 
5208 
4166 
3202 

- 2736 

- 3586 

- 4252 % 

- 4114 

- 4714 

- 4606 

- 4890 

- 5116 

- 5068 


34. We see from this table that there arc evidences of well marked 
inequalities at -HI + ? b + “ l • 


/ 

/ 

/ 


Sohwabe’s Sun Pictures, 1850 . 


If Kit. MAIt. 

Ant. 

May. 

930.5 

366.5 



312 5 

GG 1 

480 4 744 5 


78.1 

474 3 GOO. 5 


330.3 

588,3 48G.5 

132.2 

420 3 

450.3 

30.1 


240.2 

54 3 

588. G 

702 G 1074. G 

120 3 


750.6 828. G 


27G.5 

984.6 1008.5 


582.7 

810.5 

726.5 

372. G 


414.4 

39G.5 


640 -7 


468.5 

540.6 

114.5 


54G.4 
912 G 

900.7 

1014.7 
111G.9 

GGG.8 1 
G84.8 
006.10 
798.6 
GGG.7 


306.4 

120.1 


570.4 



492.6 

60. 3 

420.3 

84.3 




78.1 

480.3 

354.4 


594.4 


1G2.3 

504.3 

591.4 

312 3 

366.8 






; ' ’ The number to the loft of the point denotes the total spotted area for the day in millionths of 
Ul the sun’s visible hemisphere. 

' The number to the right of the point denotes the number of groups of Spots present on the 
j^kr disc. 
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There are 24 years of observations common to both these tables 
and m what follows we shall coniine ourselves to these 24 years. 
They are the years from 1844 to 1807 inclusive 

It has been remarked in Art 32 that the range of the solar 
inequalities is much greater than that of the temperature inequali- 
ties ; and I have found that in order to reduce both sets to nearly 
the same range it will be necessary to divide each term of each solar 
inequality by 3 055 Let us perform this division for the various 
24 years’ solar inequalities which we now wish to compare with the 
corresponding 24 years’ temperature range inequalities We thus 
give both sets very nearly the same range. 

38 Wo have next to decide whether the various phases of these 
inequalities prepared for comparison m tlio above manner occui 
in the sun before they occur m Toronto, and if so, how long 

before ? , , •. 

This may be ascertained m the following manner. 11 we add 
together algebraically as they stand a solar inequality and a corre- 
sponding Toronto inequality, say for instance, the one at 0*0, it does 
not follow that we shall obtain an inequality the sum of whoso terms 
shall he equal to the sum of the 48 numbers added together without 
respect of sign. For the two inequalities even if precisely the same 
m type, may not have their corresponding phases occurring together. 
The* signs of the numbers winch we add together algebraically may 
therefore sometimos lie different, and wo shall then have to sno tract 
the one from tho other 

It thus appears that if there be a want of simultaneity ol phase 
in two such inequalities, the algebraic addition together ol tho two 
will give a result less than the sum (without reference to signs) of 
the 48 terms. And this falling oif will be greater the greater the 
want of correspondence m phase. ^ . 

Let us now add together algebraically the various solar inequali- 
ties (29 m all) each with the corresponding Toronto inequality, 
under tho supposition that the phases arc simultaneous in tho sun 
and at Toronto We thus get a series of 29 inequalities representing 
tho united result of tho two. Lot us then add together tho various 
numbers of this series Let us next, on tho supposition that a solar 
phase occurs three days beforo a corresponding one at Toronto, 
rectify this by pushing each Toronto inequality three divisions to 
the left beforo adding it to the corresponding solar inequality. Wo 
obtain by this means as before a scries of 29 inequalities. Let ns 
then add together the various numbers of this series. 

39. In the following table we have exhibited the results obLuned 
by this method of treatment. 

Table XVI. 


Algebraic sum of Solar and Toronto Inequalities:— 

Sun and Toronto (together) - ** 

Sun and (Toronto pushed 1 division to left) 

Sun and (Toronto pushed 2 divisions to left) 

Sun and (Toronto pushed 3 divisions to left) 

Sun and (Toronto pushed 4 divisions to left) 

Sun and (Toronto pushed 5 divisions to left) 


= 179285 
= 186257 
- 182402 
= 181714 
“ 179447 
= 178920 


It thus appears that wo get the greatest sum, and consequently 
the nearest approach to similarity of phase, when we push Toronto 
to the loft between one and two divisions. In other words, 

o 2 
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. Ulc other difficulty is of an instrumental nature Actinomo 
4 lyHtiuincnts lor measuring the sun’s direct heat, are made vi & o oi 
1 11 *'ho following manner 

ii'fhr, jl}sl, placa the instrument is sheltered from the sun, 1>ut 
exposed to the clear sky, say for Jive minutes Let the heat so 
e termed r Hero mill / , the instrument is turned to the suix * or 
siM, minutes Let the heat so gamed he termed E. Thirdly „ tl T 
ins .i ument, being now hotter than it was m Lhe first operatic) i * * J * s 
int't onco more so as to be exposed to the clear sky for f* V(1 

nmu -oh jvlulo it is shielded from the sun. Let the heat so lo^h 
termed r , 


, ' ’ um m>em that r denotes the heat lost hy convcctioi i s^nd 
*u union muted when the instrument, before being heated by 
lor Jive minutes to the clear sky, while r del 
i le neat lost by these same two operations by a similar oxpt>Ht*ro 
n n 10 lny k‘ li ini k nt has been heated hy the sun; and it is asstxi ** l *d 
. ie ll0a ^ from these two causes d nr in nr the tnno when Lhe 


n i — y oeen noareu uy me sun ; auu u, is assxx i * * 1 vi 

, 10 1( ^ iroin these two causes during the tnno when Lhe 

instrument is being heated hy the sun will be a mean between r ixnd 
t , and hence that the whole oiled of the sun’s rays will ho in roix.1 i ly 
n , r 4 -r J 


Now, although this assumption may, in the average of a pp’im 1 , 
number ol observations represent the truth, yet m many mdivi tdual 
< Mses it may lie far from being trui‘ It would there, loro scei » * to 
desirable to got ml of this uncertainty by constructing an ms* Lru- 
meni, in which we are sure that these causes of variability* sxro 
reduced to a minimum. 

Plus has boon attempted m llio instrument a sketch of W l>icl) 
iiccnmpanies the present deseriptwu. 
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by means of winch slow motion either in altitude or in azimuth, 
may be given to the instrument ; but these are not exhibited in the 
above sketch. 

This description is accompanied by three memoranda, of which 
A and B refer to the method of adjusting the instrument and observ- 
ing with it, while 0 embodies certain suggestions of the Solar 
Physics Committee regarding the best method of utilizing the 
observations. 


(A) 

Memorandum by Professor Balfour Stewart. 

The object of this instrument being to give us the relative value 
of the sun’s direct heat from day to day and from year to year, it is 
necessary that all its parts susceptible of alteration should remain 
in a constant state, and that the observations with it should be made 
in a uniform manner 

This will involve constancy (1) of the lens with its adjustments ; 
(2) of the method of exposure ; (3) of the thermometer and its ad- 
justments ; (4) of the method of observing with the instrument. 

(1.) The Lens with its adjustments* 

The lens is provided with several diaphragms. It should lirst be 
ascertained which of the diaphragms is most suitable to the average 
power of* the sun at the place of observation If we take three 
minui.es as a good time of exposure the sun should heat up the 
thermometer not more than throe degrees or so dining this time 
Having once selected a diaphragm the same one should invariably 
be used. Care should be taken to see that the glass of the lens 
is quite clean and not coated with the slightest film of moisture or 
dirt. 

The lens should be placed at such a distance along itsrod that the 
focus or small image of tho sun should fall not further from the 
bulb of the thermometer than the slit of the aperture. ^ Generally 
speaking the image would naturally bo formed on this fsl.it, but in 
w sotno instruments it might he desirable to have it a trifle nearer the 

bulb in order that the rays after they diverge again . should be all 
well caught on the bulb of the thermomoler It is of essential im- 
portance that all the rays should be so caught. 

j laving ascertained tho best distance for the lens care should be 
^ taken that the lens is always kept at this distance and in a central 

position. 

(2 ) The method of exposure. 

IlxpoBiivo is accomplished by means of a slide, which when with- 
drawn uncovers a circular aperture through which tho beam may fall 
upon the bulb of a tbormometer. 

I (Jare should be taken that this slides easily as well as truly. 

On the outside of the slide thoro is a small circular mark which, 
when the slide is in its place, is symmetrically above the circular 
aperture. This mark is decidedly larger than^the sun’s imago 
When exposure is about to be made tho sun’s image should just bo 
entirely within this orcLo at that side from which the sun carries it 
by Ins diurnal motion. Thus during the time of exposure the image 
will be travelling further within this circle. There can bo no harm 
{ in ascertaining by experiment that the sun during the time of ex- 


Day. 


3 
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come so near tlie sun that the rays they reflect are liable to pass 
through the lens in such a direction as to fall on the bulb of the 
thermometer. 

Vitiation of the observation by visible causes of interception of the 
heat rays having been thus guarded against, there still remains the 
possibility of casual fluctuations being produced by the invisible 
constituents of the atmosphere. For the detection of these, and for 
learning the conditions of their absence, we can only have recourse 
to a comparison of the results of observations made on different 
occasions To render such a comparison effective, memoranda 
should be made at the time of the observations of the condition of 
the atmosphere, so far as can be judged by the eye, and by readings 
of the ordinary meteorological instruments, and the altitude of the 
sun should be measured (no great accuracy being required m the 
measures) and recorded, or else subsequently calculated from the 
known time of day and year. 

With a view to throwing light on the conditions of atmospheric 
fluctuations in the radiation received at the surface of the earth, the 
Committee would suggest that the actinometcr above described 
should be observed m conjunction with some qualitative instrument 
winch gives an immediate graphical and visible indication of the 
power of the sun. An instrument devised by Mr. Wmstanley, and 
modified by Captain Abney, would appear to be very suitable for 
this purpose A complete accordance between the two instruments 
is not to be expected, because the thermometer m Mr Wmstanlcy’s 
instrument is exposed to radiation from \ arious directions. The 
difference between the two instruments m tins respect may be useful 
in throwing light on the causes of atmospheric fluctuation. 

When the observer has learned how to avoid at ioast the grosser 
forms of atmospheric fluctuation, lie may attack the problem of the 
effect of the sun's altitude on the amount of heat radiation inter- 
cepted. For this purpose specially favourable days should be chosen, 
and observations made al frequent intervals, from shortly after 
sunrise to near sunset. The condition of the atmosphere on those 
days should be carefully recorded. The days used for tlie purpose 
should not be confined to one season, as it is possible that the 
normal condition of the atmosphere at a given place, and with it 
the amount of absorption for a given altitude of the sun, may vary 
with the season All through the observations above referred to, 
or at least after lie has learned to recognise and avoid the more 
serious atmospheric fluctuations, the observer must bear m mind 
that the instrument itself (the actmometer) is on its trial, and ho 
must he alive to the possibility of variations m the readings, duo 
merely to different conditions of exposure, or to other purely 
instrumental sources For testing the instrument itself, tunes 
should lie chosen when, as Jar as the observer can judge, there is a 
freedom from casual atmospheric fluctuations, and it would be well 
to take a good number of consecutive observations with the screen 
alternately on and off. 

When the observer has learned how to avoid, as far as may be, 
merely casual atmospheric fluctuations, and considers that the 
instrument has been suflieicntly tesiod, he may commence observa- 
tions taken with a. view to their possibly forming part of a permanent 
record. If or this it would be proper to get a result for each day, so 
so far as atmospheric conditions permit ; but how many observations 
it would be desirable to take, whether they should lie taken at 
stated hours, or with stated altitudes of the sun, or whether the 
most favourable opportunities as to atmospheric conditions should 
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CATALOGUE OE 


5 

G 

January. 

February. 

March 

April. 

May. 

ONE. 

1 



IC*53 


IC 60, *03 

K* 18 

2 

870.3 

1230 4 



El ‘43 

K’38 

3 



K*G5, *6G 

K 47, *51 


1C *73 

4 
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El *51, *52, 58 

IC*49 

IC 48 

K* 11, (i7 

5 



K 55 


El *50, *53 


G 
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186 3 

K 51, *62 

K*48, *50 



K'42, *45 
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El *45, *49 



El*49 

IC *45, *17 

9 

1590.4 




El ‘47 

K * 59 

10 


K 52, *33, *56 



El*01, *61 

K* 13 

11 






K * 41 

12 



K 64 

K 46 
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IC no 
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I enclose a paper containing a summary of certain spectroscopic 
observations made here during the past year 

(Signed) C. A. Young 


Letter from Dr. Buys Ballot , Utrecht 

Utrecht, 22nd February 1881. 

I feel very much honoured for your communications to me of 
your views on the methods of carrying on observations m Solar 
Physics, and I deplore only that I do not feel myself able to aid you 
m your work. 

The Dutch Meteorological Institute has, to my deep regret, no 
personal or material assistance enough to make these observations, 
in which I take a very great interrst. 

With great pleasure I saw that you (copy of correspondence) lay 
great weight on a great clearness of atmosphere on high mountains, 
which I think indispensable, vide “ Changements p6riodiques de 
temperature dependant du Soleil et de la Lune, Utrecht 1847? ■ ’ 

2. That you will (Preliminary Report) examine and discuss short 
poriods ; that of Mr. Balfour Stewart. As soon as I have made up 
the result of my own period of 27*682 days given m the above said 
Changements, and now confirmed by Professor Bruhns m his letter 
to me, I will have the honour to offer you a copy of that paper. 

3. That the observations will be made with a good actmometer of 
Professor Balfour Stewart, which perhaps gave occasion to Mr. 
Violle (Rapport an Gongres meteorologique dc Rome, Utrecht 1878) 
to imagine his 

I beg you to excuse that I subjected these three points to your 
attention m order to show you that I perused the papers you 
favoured me with, and amongst which plans, designs, and remarks 
of the highest interest are to be found 

(Signed) Buys Ballot. 


l^rom Sir (7. B Airy, K.G.B., M A , F R 8., Astronomer-Royal. 

Royal Observatory, Greenwich, 

3rd March 1881. 

J received your letter of December 31st in the country I have 
kept if in sight, and have referred to if from tunc to time, but 
business winch seemed to demand my attention every moment has 
prevented my answering it. 1 foar that what I have to say now 
will not be very complete 

The objects to which the correspondence (enclosed with your 
letter) applies, appear to be these, or principally these — 

1. The nearly continuous photographic register of solar spots 

2. The nearly continuous register of the sun’s radiant heat. 

1. I sup] lose that the uses of the solar spot register are two. 
{a.) for the changes from year to year, (A) the changes from day to 

on (a.) we have a great deal of information beginning from 
Wolff, and going on regular!} at Greenwich, and I suppose at other 
places. On what they show the best evidence is that in Mr Ellis’ 
paper on the comparison of the spot observations with magnetic 
observations. The exhibition (incidental to that comparison) of 
the numerical record of sunspots shows m short periods cxtieme 
irregularity, and m long periods an approximation to an order 



aoLAJJ PHOTOQUAPHS, 18C3. 115 


.s 

July. 

August 

SBPTEUJJJsa. 

OCTOBER. 

November. 

December, 

n 

K‘52 

K*10, *50 

K’il 

K 40, ’63, E” 

K*40 

E— 

E| 

K*50, ’61 




K*45 


Eg 

K‘52, *68 

K 07 

K 45, E’ 



K 52 


K 47, *48, B*” 

K*46 

E”* 



K*15 

Hf; 

K‘52 

K-58, '08, B" 


IC’** 


E* *, ”♦ 


K'49, E*‘ *, • 



K’42, *50, E”’ 

K‘43 


7 

K*40, ’50, E*” 

K*40, * 18, 33 ’* 

K‘01, E'" 



E* • 

8 


K*58, *01, E’ 





IB 

K*46, *47 

E’”, ” 




K 51, E”* 


10 

K*50, *6t 

E **,*” 

K’ J8, ’00 

K*12,E*” 



K’47, E*” 

11 


KM8, 

K-43.B— 




12* 

K 50, ’51 

JC 40, -61 


E”* 

K*57,E ”, ”* 

E ** 

13 


13*” 


K 50 

K*ta 


11 

K’60,E’ ’ 

K’50 


K 40, E”* 


£*40, E*** 

15 

K 51, '52 

K’iO, *61 





B 



K’4U3 ”, ” 

K* tl, ’51) 


E”* 

17 

K’47, *18 

K 48, E ”, ”* 

iC 01 

K*41, 00 



18 

K‘(S0 

K’68 

K 48 


J3*”,” 

K*45, E"* 

11) 

K*47, ’50 

K 00 

K’44 


K*55,E*” 

K*63 

20 

E*** 




K*48, E'” 


21 



K’b8 


K w 

E*” 

22 


K’Ofl 

1C 62 

K’03 

K*43 

K*61,E”*, *” 

23 

E*” 


K W5, E*” 

K'43, *50 

h— : •• 

K’t2, 13”* 

K-5B 

24 

K'47, ’62 

K 08, 13”* 

K 06, J3 ’ 



E”* 

20 

K 10, it) 

13” 

K 45, 02, 13 



K‘42 

26 

K 50 


IC 40, *00 



E”* 

27 






28 

K*40, 00, E* ’ 

K * tO, 13 * • 

IC-55, *01 


1C-48 

E” 

20 

K 40, 5L 

1 ’ ,”* 

K* tt, E ’ 

K’41-, 00 

13” 




30 

K 10, *17, E*** 


K 40, E’” 



K*t7 

K” 

31 

K 17, 5>,E*” 

K’18 

- * — 

ic *4i, no 

— 













apparatus measures only the luminous rays ol* heat, those of low 
refrangibility "being practically all stopped by the glass lens. 

-Now, a 1 Lb o ugh the ])robleni is essentially different from that 
of the measurement of lunar radiant heat, where about 18 per cent, 
only of the total radiation passes though glass, still, I think, we 
should avoid such a disposition of the apparatus as will practically 
measure, not the solar heat which has penetrated through our 
atmosphere more or Jess laden with moisture, as would be the case 
with the exposed thermopile, hut that which has also penetrated 
through glass. Taking the piles I used for lunar radiation and 
the proportion, say, 1 Lo 80,000 lor the heat radiation, and say 
r>0 per cent, lor loss at two reflecting surfaces of speculum metal, 
we should have to reduce the aperture from (30) ^ [circular] to 
V ( r„ oudo)= ii.(,=Ti °f an bich to get the same deviation of the needle 
1 only reduced the aperture Lo y*/' or more, and lowered the magnet 
towards the needle to nicTcaso its directing force. The exposure is 
given by slightly moving a slide, with the hole in it placed at such 
a distance Irom the faces of the piles that the spot of sunlight) may 
carver the same portion of the face of each pile as that covered by 
moonlight in the telescope. The oiled of this was to substitute 
alternately upon each pile a spot of sky containing the sun’s disc 
for a closely adjacent spot not containing the sun’s disc, all else 
remaining constant. The experiment is so simple and the apparatus 
so cheap (10/ for a Thomson’s galvanometer, and, 1 suppose, a. 
pound or two would provide the rest) that L should fancy it would 
he worth making hi whlifion to that with Stewart's apparatus. 


Vmn Mr. //. (U Hassell, Ike ( lorcnuiiaul Aslnuioia^r^ Nvir tfoitffi 

1 Yales, 

Sydney Observatory, 20th March 1881. 

I duly received your loti or of J)ocembor 3lst, 1880, together with 
the enclosures, for winch 1 am very much obliged. It will give me 
the greatest pleasure to do as much as oireimi sun ices will permit Lo 
assist in such a piomisitig investigation as that m which you arc 
engaged, hut with the very small stall* at my disposal I cannot do 
much. Wo have a daily weather map to* publish, and regular 
returns from 181) meteorological stations, and the heavy work 
involved in preparing a catalogue of southern stars and the 
measurement of double stars. 1 have, however, all the necessary 
apparatus for photographing the sun on the American method, the 
focal length ol the object lens being 53 loot; this 1 will get to work 
I have also a phoLohelmgraph made for the transit of Venus, giving 
a picture of about 1* inches. 1 can nso either, but from what* I saw 
ol the American transit photographs 1 am disposed to think that 
the horizontal photoholiogniph gives a sharper image than throne 
made by Dalhucyer for the transit of Venus 

l shall he very glad if you will advise mo which is the butter 
instrument for your purpose. It will be an easy matter for me to 
got the JXtllmeyor photoheliogruph altered so as to make the 
photograph 8 inches instead of J« as sit present* l will also obtain, 
as soon as I know the maker, one of Professor JkiJfour Stewart's 
actmomclers for use hero. 

May I ask you to toil the manufacturer to send me a copy r.f his 
in* ice list. 
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War Department, 

Office of Mie Chief Signal Officer, 
Washington ( lity, 

Sir, 'Novemlbcr bth, I SSL 

Your \ allied communication of December i>lst, 1880, as you 
have already loaruod, through some mishap failed to reach me, but 
a second copy, together with the enclosures, has been kindly for- 
warded and received 

You will bo pleased to learn that tlie subject of Molar Physics has 
already boon considered by me as one of fundamental importance 
m Meteorology, and that 1 had already in April last taken steps 
toward the m\estigation of the total amount of solar heat received 
by the earth; and to this mid Professor S. P. Langley has during 
the last summer occupied the summit of Mount Whitney, Oak, 
where, at an altitude of mor 1 t, 000 feet, many important observa- 
tions have boon made, a lull account of winch you will, of course, 
receive when published by tins Office. 

The general subject of sola, r and terrestrial radiation is also being 
provided for by the introduction of Violle’s Conjugate JBulhs and 
.Mano Davy’s Conjugate Thermometers at a number of Signal 
Service Stations. Corresponding observations of the standaid 
aetiuomefer at this Office will, of course, bo made. Observations of 
the solar spots arc made for this Office by Professor D. I?. Todd, 
now of Ambers!, Mass. I shall bo glad to have these conducted on 
a, system uniform with those of European observers, and will bo 
obliged to t \ou for any suggestion you may make. .11 practicable 1 
may e\ on enter!, a iu the proposition of maintaining a senes of daily 
photographs of the sun’s surface, unless indeed some other o( jour 
American correspondents may have already undertaken this woi k. 

With assurance of my high regard, 

\ a, in, A,c , 

-I. K 1 B 1 1 AZKN, 

Dug. and Dvt. Maj. (fen l , 

Chief* Signal Officer, U.S.A, 

Professor (f. 0. Stokes, 

{Science ami Art Department, 

South Kensington, London, England. 
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(2.) A Dallmeyer photoheliograph with 4 in. photographic 
object glass belonging to the Greenwich Observa- 
tory, 

Mr. Lockyer was stationed at Grenada, but he was 
unfortunately prevented from making observations by the 
unfavourable state of the weather. 

A communication from Professor Tacchiui relative to the 
observations that it was desirable to make will be found in 
Appendix II. 

Eclipse cf 1887. 

No special measures were deemed requisite in connexion 
with this eclipse, it having been understood that all needful 
steps would be taken by the Russian astronomers 

3. Solar Photographs and Tabulation of ti-ieir 
Results. 

A memorandum was presented by Professor Balfour 
Stewart in March 1883 on the work necessary to complete 
the record of sun pictures up to the end of the year 1887. 
The Committee were of opinion that, this is a very valuable 
and necessary investigation for the advancement of our 
knowledge of Solar Physics, and they requested the Astro- 
nomer lioyal and Professor Balfour Stewart to consider 
and report on the above memorandum, and generally on the 
best method of tabulating sun-spot data (sue Appendix 
No TIL). The suggestions made in this report were adopted 
by the Committee. 

A letter from Professor Stewart relative to the proposed 
method of recording daily information regarding sun spots, 
together with the observations of the Astronomer Royal and 
of Professor Stokes thereon having been considered, the 
Committee resolved that the rejection of spots near the limb 
was not desirable, and that it was expedient that the daily 
sums of projected areas should be given as well as those 
corrected for foreshortening. 

Tn view of the presumed superiority of the 8-inch photo- 
graphs of the sun over the 4-iuch, it was resolved that the 
Indian Government be requested to revert, to the 8-inch 
photographs, 12-inch photographs in addition being taken 
when the atmosphere is particularly dear, and that steps be 
taken to induce the Directors of Observatories possessing 
photoheliographs on the Greenwich pattern to have them 
adapted to take 8-inch pictures. 

In reply to an inquiry by Colonel Haig, R.E., lelative to 
silver and cyanotype prints of Indian photographs, and a 
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5. To iucihtato work on spot spectra and discussions 

other than those oi- area and position of spots, the 
proois of the Greenwich Photographic Results ” 
as soon as received to be sent to South 
Kensington, and also when required the Green- 
wich numbering of the spots observed at South 
Lvensington. 

6. Also when required, negatives ro be exchanged 

between South Kensington and Greenwich so as 
to lonn a second series in the Science Museum 
as a safeguard against loss by fire or otherwise. 

Mu Loekyci was requested to prepare a specimen of the 
plate and accompanying data which he proposed to 
publish embodying the various information collected 
at, diffei ent observatories ; also to obtain an estimate 
ot the cost of preparation and of reproduction. 


Mr. hooky or reported that it had become necessary to 
readjust the slit of the Photoheliograph and the cross wires, 
and requested authority to ask Mr. Dallmeyer to do this ; 
also to provide a, tertiary magnifier, at an estimated cost of 
15/., to test the possibility ot obtaining large photographs of 
the sun spots in this manner. 


4. Solar ^Spectroscopic Observations. 

In February 1886 Mr. Lockyer reported that 700 obser* 
various of spot spectra bad been made and 200 finally re- 
duced. The Committee directed that the observations 
should be printed and circulated together with the necessary 
maps, 

Mr, Perry was invited to prepare his observations on the 
spectra of sun spots between D and B in the same form 
as Mr. Lockyer’s observations in order that they may be 
published together. 

Mr. Lockyer reported that the spectroscope which had 
been lent by the Indian Government bad been recalled, and 
tluit the commencement of a series of observations taken 
under new conditions was thereby necessitated. A spectro- 
scope would be required. 

A communication was directed to be made to the India 
Office suggesting that spectroscopic observations of sun 
spots should be undertaken at the Elphinstone College at 
Bombay with the instruments which had recently been 
provided for that institution. 
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Solar Observatories in Italy and France on the method of 
observation and record of Solar phenomena, piesented a 
Report on the subject which will be found in Appendix IV. 

On consideration of M. Janssen’s recommendations (which 
will be found in his letter annexed to Mr.Lockyer’s Report), 
it was resolved that his suggestions were of such hitdi 
value and practical character that they should be accepted 
as indicating the most suitable course to be followed for 
the further prosecution of the study of Solar Physics. 

It was also resolved that the first step should be the for- 
ma tion of a preliminary International Committee on organi- 
sation, and the Committee expressed a hope that the Science 
and Art Department would obtain the necessary approval 
of Her Majesty’s Government. The Committee, however, 
thought it desirable, first, to obtain the opinion of the Pre- 
sident and Council of the Royal Society on these proposals, 
which in their estimation were of the highest scientific 
importance. 

On receipt of the reply of the Royal Society, which was 
favourable to the contemplated action, the Science and Art 
Department was requested to invite the under-mentioned 
men of science engaged in Solar research to meet in London 
in order to confer with the Committee on Solar Physics 
with regard to the co-operation of observers in all parts of 
the world in Solar research, and to consider the particular 
proposals made by Dr, Janssen — 

Dr. JBrcdichin, 

Dr. Dc la Rue, F.R.S. 

Dr. Huggins, F.R.S. 

Dr. Janssen. 

Professor Konkoly. 

Rev. S. J. Perry, F.R.S. 

Professor E. C. Pickering. 

Professor Respighi. 

Professor Ricco. 

Dr. A. Schuster, F.R.S 

Professor Sporer. 

Professor Struve, or his delegate. 

Professor Tacchini. 

Dr. Thollon. 

Dr. Tripled. 

Dr. H. E. Vogel. 

Professor Wolf. 

Professor C. A. Young. 
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may be utilised in further inquiries, or for practical 
purposes. 

The Committee have already secured complete photo- 
graphic records of the sun’s surface from the year 1881 to 
the present time, and they have already begun work in 
several directions with a view of ascertaining what increase 
of our knowledge we may hope to obtain from them. The 
Committee have arranged with the Astronomer Koyal that 
the measurement and reduction of the solar photographs 
should be made at Greenwich. 

On the sun the unit of change, so to speak, is not a day 
or a year n* with us, hut it is a period ol* about 11 years. 
The full meaning of each cycle of 11 years cannot be 
grasped unless the observations are piactically continuous, 
and it would he an unscientific mode of procedure to 
assume, that every cycle is like every other — indeed we 
know that this is not so. A break now, therefore, in 
observations of the present cycle would not only prevent 
us from securing complete observations of it, but would 
react, detrimentally on our knowledge of all the others, 
because our power of comparing one cycle with another 
would bo lost. 

Further, our present knowledge leads us to see that if we 
content ourselves with observations o( the spotted area alone 
we may he discarding branches of work which from some 
points of view are of higher importance. No study of the 
spotted area, alone, for instance, would have demonstrated 
the remarkable change* in the temperature of the lower strata 
of the solar atmosphere which has been revealed by the 
spectroscopic observation of both spots and prominences, and 
it nmy ho that in a not distant future we may find these 
indications of varying temperature to be most important 
from a practical point, of view. Bearing this in mind it is 
needful for us to point out that as a matter of fact the 
experimental study of the solar spectrum from the point of 
view of the origin of the Fraunhofer lines and their appear- 
ance in various solar phenomena is not being carried on 
anywhere else but at Kensington. 

In what has gone before we have endeavoured to show 
how important it is that there should be neither break nor 
diminution in the work on which we have been asked to 
advise the Government. 

We now pass to another point. 

The Lords Commissioners of Her Majesty’s Treasury 
appear to conlemplale that the various kinds of work under- 
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<>>ec«l» d fr T, • ? l" 2 by Ruthei ' fo ^ ruled on 

u <1 l ^ in ? f t 18 0f the Department 

f" Vt 1S6d ,T 1 3 SpeC rOSCope “ whlch scale is observed 
1 n ®N C< f d tel ® SCOpe clam l ,ed above A e observing telescone 
0-0 A 3 -prism spectroscope by Hilger, the propertv of 

t,1l( k I v^v+rYi/vnf HTha a/VIIt yy-» <•> 4-/-w. ^ C 4.D ,* - . i ^ . P 7 

5 loot 

and b inches ed<>e. 


epartment. The collimator of this instrument is about 


9 inches long, and the prisms are each 3 inches deep 
Phe dark slide used with the camera is so 


arrange j that any part of the plate can be exposed to the 
spectrum ; in this way several parallel spectra can be obtained 
by successive exposures on the same plate. The photo- 
graphic lens used is a 4-inch rapid rectilinear by Dallmever 
the local length being about 16 inches. v ’ 

(1; M Spectroscope by Hilger, the property of the De- 
partment. In this the prisms are made of Iceland spar and 
the lenses of quartz. There is one prism of 60° and two 
halves of a prism of 60°, the prism having been cut into two 
eipinl parts by a vertical section through the vertex. One of 
the bixTf-prisms is placed with the rectangular face immediately 
in front of the collimator lens, and the other with the rect- 
angular face iu front of the object glass of the observing 
telescope. Tlie observing telescope can be replaced by a 
camera, the lens used for photography being simply the object 


of tlie observing telescope. 


glass 

(14.) A Steinheil spectroscope with three prisms of 30 1 
and one of 60°* the property of the Department. 

(15,) A direct- vision spectroscope mounted on a stand by 
Hilgcx\,.the property of the Department. 

(1(5.) A Rowland grating spectroscope, the property of the 
Department. The grating is a concave one of about six 
feet, iix focal length* and has about 17*000 lines to the inch. 
The available surface of the grating is 5 in. x 2 in. It is 
mouo.'tecl on a wooden frame in a hut facing the siderostat. 
The grating and eye-piece (or camera) are fixed one at each 
end of a board* tlie ends of which slide in a pair of grooves 
at riglxt angles to each other, and the slit is fixed at the 
intersection of the grooves. The distance between the 
grating and the camera is twice the focal length of the 
grating -mirror, so that the slit always lies on a circle de- 
scribed on that line as diameter. This being the case, all 
the spectra are brought to a focus at the camera. In this 
way sx normal spectrum on an invariable scale is obtained. 

(17.) Star spectroscope, by Hilger* having a prism of 60° 
and two half prisms. 

(IB.) A 6-inch prism for photographing star spectra. 

b 2 
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2. ihe 10-inch equatorial, with the added Gautier photo- 
heliograph, is erected in a wooden observatory with a conical 
revolving dome. 

A Lhc Greenwich photoheliograph is in the hut originally 
constructed lor u^e m the Transit of Venus Expedition 
(1874). 

4, The siderostai is in a hut running back on a tramway. 

5. The I low land grating spectroscope is in a dark hut 
facing the sidcrostat. 

All these arc in the spare ground behind the Exhibition 
Hoad Post Office, and are all in a fair state of repair. 


(3.) Pfw to heliograph. 

The new instrument, to replace that sent to India, was com- 
pleted in 1885, and many photographs were taken between 
that year and 1886. It soon became obvious that there was 
something wrong about the secondary magnifier, because 
under very perfect observing conditions it was not possible to 
obtain the mottled surface of the sun in any way approach- 
ing to the perfection secured at Meuclou. 

Professor Stokes was consulted on this matter, and the 
upshot of it 'was that the Department authorised the con- 
struction of a new secondary magnifier by Grubb, of Dublin. 

The photoheliograph was then re-erected alongside the 
tube of the 10-inch equatorial. Some time, however, elapsed 
before some of the fittings were returned from Mr. Dallmeyer, 
and for the next 10 weeks the sun was rarely, if ever, 
visible in the observatory. A long time thus elapsed before 
there was an opportunity of testing the instrument on the 
sun. In the meantime, however, the magnifier was subjected 
to several tests. The cross-wires of the instrument were 
first replaced by a piece of tin-foil pricked full of holes ; 
then, the instrument being directed towards the sky, a photo- 
graph of the pin-holes w as taken on a plate 15 inches square. 
Soon after, at the suggestion of Professor Stokes, the tin- 
foil was replaced by a piece of silvered glass on which 
various dots and crosses had been scratched. This proved 
to be better than the pricked tin-foil, because there was no 
reflection from the sides of the holes. To get the best 
definition, it was found necessary to insert a quarter -inch 
stop between the two lenses of the secondary magnifier. 

A series of experiments were also made with the view ot 
tOBtincr the performance of the 6-inch photographic object 
glass. The lens was fixed at one end of the long wooden 
tube which was made for the Eclipse Expedition oi iSbb. 
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Up to August 1885, 700 observations of spots had been 
made, and these have been reduced and the results published.* 
For a short account of the results, see Spectroscopic Phe- 
nomena of Sun-spots, page 8 of this Report 

Since August 1885 150 observations have been made. 
These have since been reduced, but have not yet been 
published. 

The results are almost perfectly continuous with those 
already referred to. 

Photographs of the spectra of sun-spots and prominences 
have been taken with a Rutherford grating. The spectro- 
scope was attached to the eye-end of the 6-inch equatorial, 
and an image of the spot or prominence was formed on the 
slit by the object glass. On one side of the grating was the 
camera, and on the other side a small observing telescope, 
so that the spectrum could be observed whilst being 
photographed. The whole spectroscope was provided with 
a tine adjustment independent of the motion of the telescope; 
in this way any inequality in the motion of the clock could 
easily be corrected. 

It was found, however, that the spot spectrum could only 
be focussed over a small region. 

The spot spectra showed some of the lines widened, and * 
occasionally IT and K were reversed. 

The prominence spectra sometimes showed IT and K 
reversed, sometimes K alone. No metallic lines were photo- 
graphed, probably because the photographs were taken at a 
period of quiescence. 

A series of experiments has also been made on the spectra 
of the arc of a Siemens’s machine. It was shown that not 
only was there a separation of the lines of different elements 
at the two poles, but that in some cases one set of lines 
would appear at one pole while other lines of the same metal 
were seen only at the opposite pole. Other phenomena 
were also observed and recorded, such as the . inverse 
appearance of lines, in some cases one set of lines being seen 
alone, in other cases other lines of the same metal appearing 
by themselves. The various appearances of lines during 
reversal were also examined. 

b. Fractionation Experiments . 

Experiments have been made in conjunction with Professor 
Crookes on the fractionation of some chemical substances. 


* Pioc. B.S No. 224, 1886. 
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° r ’ s park spectrum. Thus between wave-lengths 5,100 and 

•>,oOO, Angstrom records 92 iron lines and Thalen 45; the 
I n n ic spectrum only contains 8 lincs 0 tor the same region. 
Similarly, copper gives 1 line where Angstrom maps 4. 

(I. Spectra of Carbon Compounds. 

An extensive series of experiments have been made on 
tlio .spectrum of carbon. Since tlie commencement of the 
fc'v^ijstreh in 1880 over a thousand photographs of the spectra 
< % * various compounds of carbon under different conditions of 
t temperature and pressure have been obtained; of these 
1 h ‘(.ween two and three hundred have been kept as reference 
|>1 allographs. 

r rhe general method employed for obtaining the spectra 
bus 1 icon to use Haines, or to enclose the gases or vapours in 
hiss tubes provided with platinum points, and to illuminate 
thorn by electric discharges from an induction coil. 

1 >i Her cut kinds of tubes weic used, giving spark discharges 
varying in length from a quarter of an inch to twelve inches, 
a ii cl in diameter from an inch to one fortieth of an inch. The 
i td>es were usually of a compound form so that different 
conditions could be obtained without the necessity of charg- 
ing the tube each time. The end of the tube nearest to the 
spectroscope was provided with a clear bulb, so that when 
placed in a line with the collimator, light from every part of 
the spark passed through the slit. 

One end of the tube was connected with a Sprengel pump, 
and the other with an apparatus for pieparing the gas or 
vapour the spectrum of which was to be examined. All the 
joints and stop-cocks were made perfectly air-tight by sur- 
rounding them with mercury and glycerine. 

Tho whole apparatus was first exhausted as far as possible, 
and was then filled with gas. This was again pumped out 
and the tube re-filled, and so on until the gas was perfectly 
(V oe from air. Whilst this process of washing out was going 
on the tube was kept constantly heated, so that air and 
moisture could not adheie to it. Photographs were usually 
i a ken during the process of purification in order to ascertain 
1 1 io effect of a small quantity of air or other residual gases 
upon the spectrum. 

’When flames were used, the jet was placed about two feet 
i Voni the slit and an image was focussed on the slit, by a lens. 
* Th<‘ speeti oscopc employed was one by Hilger, in which the 
collimator is about 5 feet long, and the camera adapted for 
quarter plates. As a rule, only one prism was used. 


current is being ^tnrt< mI or broken, there occur three sets of 
{lutings which have not been recorded by other observers. 
Tnlike those occurring in the are spectrum, these flutings 
shade otT towards the ml. 


t . Spool ru of Stan s, inf/t apodal /r/’mvnv to Carhon . 

Having obtained some, two or throe hundred reference 
photographs of oarhon spectra under known conditions of 
temperature and preasure, we are now prepared to undertake 
an investigation of the nature of the carhon which is known 
to exist in many of tint stars. 

It is proposed to get comparisons of the star spectra with 
the spectrum of a known carbon compound enclosed in a 
< leissler tube. The ( Jeissler tube will he placed in front of 
the object glass and a small lens will be introduced to render 
the rays of light from the. tube parallel to each other. The 
Geissler tube will thus be focussed on the slit at the same 
time that a star is focussed. The tube being placed parallel 
to the slit, the spectrum of the carbon compound enclosed in 
it will have a width equivalent, to the length of the slit. 
The image of the star will he allowed to travel over only a 
small portion of the slit. In this way a double spectrum 
will be obtained — the spectrum of the star superposed upon 
the much wider spectrum of the Geissler tube. Any 
coincidences will be marked by an increased intensity in the 
Hutings composing the spectrum of the Geissler tube where 
crossed by the star spectrum. 

The. preliminary trials of this method have not proved 
very satisfactory, probably because the object glass of the 
telescope did not give a photographic image on the slit. The 
spectroscope employed was one in which the prism was made 
of Iceland spar, 

Experiments have also been made with the view of using 
a diffraction grating for star spectra. The grating, ruled on 
rilvered glass, was placed inside the principal focus of the 
object gloss, so that when the telescope was pointed to a star, 
the star was focussed after reflection from the surface of the 
grating, In this way the spectrum could be obtained without 
the use of any Urns except the object glass. The photographic 
plate was placed at, a distance from the grating equal to the 
distance of the grating from the principal focus. . The 
spectrum thus obtained, however, would be without width ; 
the necessary width was obtained by adjusting the grating 
so that the lines were parallel to the equator of the telescope, 
and allowing the clock to travel a little too slow or a 
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1 O. The rehearsal on the clay before the eclipse should be 
a ooxnplete rehearsal, with photographic plates exactly as 
during the eclipse itself, and these plates to be developed at 
once and brought home. 

XI. The observers should confer with the American 
astronomer in charge regarding time signals before and after 
totality. 

IS. If additional observing power can be obtained from 
tho American party, the additional observers to be trained 
to obtain photographs with the photoheliographs, and if 
den disable, the time-table for that instrument to he handed 
over to them, they being placed in entire charge of that part 
or the operations. 

13. If such assistance cannot be afforded, then, if the 
pUotoheliograph programmes cannot be carried out in its 
entirety, the large pictures to be alone attempted. 

1 4 Special attention to the rating of the clocks, including 
the eclipse clock and siderostat, to be given at least three 
days before the eclipse. 

1 5. A quarter of an hour before totality, clocks to be 
wound, and caps and stops, which had hitherto been used to 
diminish the amount of light, to be removed if necessary. 

1 0. The timekeeper should be asked to give these instruc- 
tions in a loud voice, as experience has shown that they are 
apt to be forgotten. 

1 7. In the observations and adjustments during the eclipse 
no deviations from the time-table and adjustments to be made 
exicept after consultation and with the approval of the 
American astronomer in charge. 

1 8. The clockwork of the integrating spectroscope to be 
so adjusted that the plate will fall through 1 inch in 8 
minutes. 

L 9. The distance of plate from concave grating to be that 
given by Captain Abney for vertical distortion. 

SO. In equatorial the slits to be parallel and vertical in 
the meridian and their centres lying on the same part of the 
sun. 

21. All the slits to be jfo in.=No. 2 on Captain Abney’s 
Horew, with the exception of the integrating spectroscopes 
which should be ^^-in. 

22. At some convenient time, say 100 seconds, near the 
middle of totality the slits of equatorial to be brought to the 
point of re-appeai'ance, 
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Code for Cypher Teleg 

ram . 


Very qnnd. 

Good. 

Indifferent. 

Bad . 

Very bad. 

Bad 

bell 

bird 

bog 

bust 

Can 

cent 

cinder 

cow 

cut 

Day 

den 

dip 

dog 

dust 

Far 

fetch 

% 

frog 

fun 

Gas 

get 

gill 

gold 

gum 

ILill 

hen 

hit 

hold 

bunt 

Kappa 

keg 

king 

Koch 

Kulme 

Lamb 

length 

light 

lot 

lump 

Mad 

mess 

mint 

most 

muff 

Nag 

nest 

night 

now 

nut 

Pan 

pelt 

vk 

port 

pull 

Rag 

rent 

right 

rot 

rust 

Sap 

sell 

sing 

sort 

sum 

Tar 

tent 

tin 

told 

tug 

B = 

6 prism on equatorial. 



0 = 

double grating 

on equatorial. 



D = dense prism on portion of 6-incli equatorial 
F = Integrating Rilger. 

G = Red end slit. 

II = Red end prismatic camera. 

Tv = 1st order blue Rowland. 

L = 2nd „ „ « 

M = 4-incli photobeliograpb. 

N = small „ 

P = 

R = 

S = 


T = 

o 52344. 


C 
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Form for recording Observations. 
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APPENDIX III. 

Tabulation of Sun-spot Data, 

(1.) Report of the Astronomer Royal and Professor Balfour 
Stewart on the best Method of tabulating the Sun-spot 
Data now available . 


1. In a Catalogue of solar pictures and photographs form- 
ing an Appendix to the Report of the Solar Physics 
Committee will be found a nearly complete specification of 
the material available for the purpose of carrying into 
effect the first recommendation of that Report, which advo- 
cates the importance of collecting and publishing the existing 
information regarding sun spots. 

2. In order to render the reduction and publication of this 
back work as useful as possible,, two things would appear to 
be necessary. 

In the first place the record should be rendered as com- 
plete as possible by means of the contributions which the 
directors of the various solar observatories have kindly 
undertaken to give; and, in the second place , the Com- 
mittee should endeavour lo obtain a numerical estimate of the 
accuracy of the various contributions which they hope to 
receive. 

3. For this latter purpose it will be desirable to regard 

the Kew scries while it lasts, and after it the Greenwich 
scries, to both of which easy access maybe had, as standards 
with which a certain number of comparisons should be made 
in the case of each observatory. As regards the estimate 
of accuracy of the results obtained at these standard obser- 
vatories, it is to be remarked that both in the Kew and 
Greenwich series there is a large number of days on which 
two photographs have been measured, and a simple com- 
parison of the results would give the desired information. 
Thus each solar observatory will be asked to contribute in- 
formation for certain days when there was no photograph 
taken at Kew or Greenwich ; and also a small additional 
amount of such information for certain days when photographs 
were taken at Kew or Greenwich with the view of com- 
parison with these pictures. _ . 

As there are several solar establishments it is hoped that 
the call made upon any one of them will not be found very 
burdensome. 
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1874 
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1877 
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G4 
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- 

- 

1G3 

63 C, W.,&E. 

226 

“ 

- 

1G1 

128C.,W.,Ma, 
Me., Mo. 

289 

- 


163 

150O.,W.,Ma., 
Me , Mo. 

313 



1G9 

117 C., W.,Ma, 
Me., Mo. 
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w o now proceed to discuss the various series of obser- 
vations. 


Schwctbd s Observations . 

H- In the Catalogue already referred to there will be 
found recorded under their appropriate dates the total 
spotted area for each day when Schwabe took a sun picture, 
these results extending without interruption from the begin- 
ning of 1832 to the end of 1853. Besides this continuous 
scries* for which Schwabe was the sole observer* it will be 
found from the Catalogue that certain pictures of Schwabe’ s 
are coincident in point of time with ceitain pictures of the 
lied 1 li 11 and of the Kew series. Means thus exists for deter- 
mining the numerical accuracy of Scliwabe’s pictures* and it 
seems desirable that such a determination should be made. 


Redhill Series. 

1). In his publication entitled Observations of the Spots 
on t.lio Sun, fiom November 9, 1853, to March 24* 186 1”, 
Carrington has given a detailed account of his method of 
observation, and has exhibited the heliographic positions of 
the various spots observed by him on the sun’s surface. 

Carrington’s pictures were accurate sketches from eye 
observation, and not -photographic records. Nevertheless, as 
there are a few days on which pictures by Carrington* and 
photographs at Kew were taken simultaneously, it would 
be desirable to endeavour to obtain from ihese simultaneous 
records a numerical estimate of the value of Carrington’s 
observations. 

1C). The positions given by Carrington are not those of the 
centres of mass of the various groups* but of the individual 
members of each group. It will therefore be necessary to 
obtain the former from the latter. This may be easily done* 
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positions at all. This information would only be of service 
for such groups as are not recorded at all in the Kew 
pictures, if there bc.any such. For these reductions it will 
be necessary to obtain the loan of the Ely pictures from the 
Royal Society. 


Kew Photographs . 

15. Mr. De La Rue has obtained determinations of the 
areas of each^ Kew group of sun-spots. He has likewise 
caused a certain proportion of these areas to be remeasured. 
This will give the means of estimating numerically the 
precision of these area determinations. 

16. Mr. De La Rue has recently presented to the Royal 
Society the heliographic positions of. each spot of each Kew 
group along with a classification of these into ten relative 
magnitudes. It will be necessary for the purposes of the 
Solar Physics Committee that from this MS. the heliographic 
positions and relative magnitudes of each individual member 
should be brought together for each sun-spot group, then 
weighting each member according to its relative magnitude, 
the positions of the centres of mass of whole groups might 
be determined with sufficient accuracy to suit the objects of 
the Committee. 

It would be desirable to remeasure and recalculate the 
positions of a certain number of the Kew groups (if this has 
not been done) in order to be able to estimate numerically the 
precision of these determinations. 

Photographs of other Observatories. 

17. It frequently happens that on days when no picture 
can be taken at Kew or Greenwich pictures have nevertheless 
been taken at other places. 

It will be necessary in such cases to make use of the good 
offices of the directors of these observatories in order to render 
the catalogue complete. 

The most suitable principle in making such applications 
would be not to lay an excessive burden upon any one insti- 
tution, but to distribute the work required in an equable 
manner amongst them all. 

18. It would, however, be extremely desirable for those 
days which are blank for Kew or Greenwich to have mea- 
surements of areas from two different stations if possible — 
more than two would be superfluous. 

With regards to positions the measurements of these from 
a single station would suffice. 
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The areas and t positions of the various groups of the 
Greenwich series are already published. 

The Astronomer Royal would undertake to furnish such 
tracings of certain of the Greenwich pictures as it may be 
necessary to send abroad for the purposes herein indicated. 


Suggested Mode of Procedure . 

23. It is suggested that the following steps should bo 
taken: — 

(1.) The Committee should communicate with the Direc- 
tors of Solar Observatories, sending them a copy 
of this Report, and requesting from them a list as 
before of their sun pictures between the end of 
1877 and the beginning of 1882. A further com- 
munication should then be addressed to each 
Director asking him to supply the areas and posi- 
tions of sun spots and faculae from the photographs 
in his possession for days specified in accordance 
with paragraph 15 of this Report; or in case of 
his not being able to undertake the work to supply 
the Committee with materials for doing it them- 
selves. 

(The position-angles and distances from the suns 
centre of spots and faculse may be measured with 
sufficient accuracy by means of a glass plate ruled 
with concentric circles at a distance of ^ of the 
sun’s radius apart, every fifth circle being thicker, 
the 18th circle being divided into degrees, with 
cross lines through the centre to the four cardinal 
points 0°, 90°, 180°, and 270°.) 

(2.) The Indian photographs from the beginning of 1878 
to the end of 1881 should be measured in dupli- 
cate for those days on which there are no photo- 
graphs at Greenwich. This work has been com- 
menced by Mr. Lawrence. It will probably oc- 
cupy the whole time of one person for 15 months. 

(3.) Application should be made by the Committee for 
the loam of the Kew series of photographs, of the 
Ely series, of Carrington’s original drawings, and 
of the measures of areas from these drawings made 
by Messrs. De La Rue, Stewart, and Loewy, with 
a view to a remeasurement either in whole or in 
part of the areas of spots and the measurement of 
faculsc. This work might be commenced after the 
completion of the measurement of the Indian series. 
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The following is a list of the dates of the photographs con- 
taining spots which will fill gaps in the Greenwich-Indian- 
Mauritius series : — 

1878. Jan. 25, 26. June 1, 5. 

1879. Feb. 15. April 22, 23. May 9. Julv 1 3 

Oct. 8. ’ ’ 

1880. Jan. 9. Feb. 10, 14, 16. Mar. 22. Anril 99 

June 14, 25. July 6, 16, 17, 28. Auc, 6 16 
Nov. 18. Dec. 28. ° 

1881. Feb. 22. Mar. 26. June 5. July 7, 20 23 

27. Sept. 3. Nov. 30. Dec. 29. J 

1882. Jan 31. 

1883. Jan. 24. July 17, 18, 23. Aug. 4, 6 29 
Sept. 6. Dec. 1, 3, 31. 

1884. Feb. 19, 28. Mar. 4, 13. May 20. June 2 5 

18, 19. July 1, 6, 7, 13, 15, 16, 23. Sept. 1, U, 

26, 29. Oct. 1, 24. Nov. 27, 30. Dec. 23. 

The measurements and. reductions have been completed for 
all these, with the exception of five (1883, July 17, 18, 23, 
Aug. 4 and 6), which seem to have been wrongly dated. 
The mistake coidd probably be rectified by comparison with 
the Greenwich — Indian Series. These have been omitted 
from the reductions. 

In those photographs the cross-wires are at angles of 45° 
to N. and S. points. 

(5.) Sydney Photoyraphs. 

There are 146 photographs from Sydney for the year 
1881 and 17 for the year 1882. An examination of the 
photographs and dates shows that five of those for 1881 
were taken on days for which there are no other photo- 
graphs. The dates of these are as follow : — 

1881. Juno 7, July 8, 22. August 31. September 2. 

These photographs have only one cross-wire and are all 
unvarnished. The cross-wire is out of focus and the limb is 
ill-defined in every case, it has therefore been impossible to 
make measures of any real value. 

(6.) Lisbon Photoyraphs. 

Since the year 1878, the date up to which the list of 
photographs was made in the last report, only 1 2 photographs 
have been received from Lisbon. The dates are as follow : — 
1880. May 30. June 2, 23, 24, 25, 26, 27. Sept. 15, 
30. Oct. 1, 2, 3. 
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SOLAR PHOTOGRAPHS, 1877 
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A group is represented as a single spot, the latitude and 
longitude being taken as the centre of gravity of the group. 

In the Greenwich Spectroscopic and Photographic Results 
for 1886 and subsequent years the areas and positions of 
spot-groups are collated for the several days on which the 
group was visible, and the area and mean longitude of the 
group are formed with a view of facilitating discussions of 
the changes from day to day in a spot-group aud the recogni- 
tion of those regions of the sun where spots form most 
frequently. 

The following lists, &c. have been prepared in connexion 
with the work done on the globe : — 

1. A list showing the mean areas of umbrse whole spots 

and facular upon the sun’s disc for each rotation of the 
sun from July 28, 1883, to December 30, 1884. 

2. A table showing the history of a group of sun-spots in 

the southern hemisphere in June 1880. 

3. List of spot-groups over 500 in area which are within 

7° longitude of each other, and having 4-latitucles 
(from 1880 to 1884). 

4. List of spot-groups over 500 in area which are within 

7° longitude of each other, and having — latitudes 
(from 1880 to 1884). 

(These lists give group, number, date, longitude, latitude, 
and direction of motion.) 

5. List of spot-groups over 500 in area in order of longi- 

tude and having + latitudes (years 1880 to 1884). 

6. List of spot-groups over 500 in area in order of longi- 

tude and having —latitudes (years 1880 to 1884). 

7. List of spot-groups over 500 in area within 5° longitude 

and two months’ interval, giving the date, longitude, 
latitude, direction of motion, amount of motion in 
degrees, the number of days in which that motion takes 
place, and the velocity in miles per day. 

8. List odving the mean heliographic latitude and mean 

distance from the equator of the spots upon the sun s 
disc for each rotation between April 27, 1874, and 
December 3, 1884. (This list was prepared at Green- 
wich.) 

9. List of the velocities of currents carrying spot material, 

giving the number of the group and the velocity tor 
those occurring in 1880. 

10. Tables giving date, time, number of group. 

d 2 
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formal proposal fiom the Minister, and that they had at once 
approved ol this proposal, and agreed to provide for the necessary 
increase in expenditure. Chapter XIV. of the estimates of Public In- 
struction was then voted, with the proposed increase Since then, a 
sum of 50,000 francs (2,000?.) has appeared yearly m Chapter XIV. 
of the estimates for Public Instruction for the expenditure on the 
Obsmwatory of Astronomical Physics ; this sum has been raised to 
65,000 francs (2,600?.) m the proposed budget for 1880. 

Such, is the origin of the Bill now before us, which purports to 
secure a portion of the domain of Meudon for the Observatory of 
Astronomical Physics, and obtain a vote for it. 

The discussions which have taken place in the National Assembly 
render it unnecessary to enter into details as to the grounds on 
which this Bill has been brought forward It may not, however, be 
useless to advert to the reasons stated before the House by the author 
of the original amendment, and referred to by M. Lepere, in support 
of the creation of the new Observatory. 

Astronomical science was, first of all, based upon G-eometry, and 
later on Mechanics ; in the domain of these two sciences, m the 
first place, Physics made an inroad, especially at the beginning of 
the century, thanks principally to Arago ; and then Chemistry, 
owing to M. Kirchhon’s discovery, which enables tbe substances 
which exist in the stars fco he analysed by means of the light which 
they send us. To a Prench man of science who does honour to his 
country, we owe the opening up of a fresh field to Solar Astronomy, 
vift., that of spectroscopic study. M Janssen has invented the 
methods now used by men of science throughout the world. 

On returning from his mission to Japan, he would not have found 
any shelter m Prance for his instruments, had not the Parc of 
Moudon been provisionally placed at his disposal 

Whilst his fruitful methods arc applied m England, m the United 
States, in Germany, m Italy, our illustrious countryman would have 
ijeon unablo himself to apply them, and to continue those researches 
which, matured m his mind, and destined to secure fresh triumphs 
fco science, would have become the prey of foreign workers 

If, as M. Paye said m his report, submitted on behalf of the 
Academy of Sciences, the scientific reputation of Prance required in 
1875 that a sum should be provided to enable M Janssen to continue 
Ins studies, this requirement is now still more forcibly and urgently 
felt with regard to the definitive creation of an observatory. 


The most wonderful discovery, we read m the report, and 
certainly the most unexpected one among those for which science 
is indebted to spectroscopy, after the chemical analysis of the sun 
duo to M. KirchhofF, is that by means of which we are able to see 
and follow, m the full light of the sun, the grand phenomena which 
take place, but which hitherto had been hidden from jus by the very 
brilliancy of its rays. In the course of an astronomical expedition 
with which ho had been entrusted by the Academy and the Bureau 
des Longitudes, in 1868, M. Janssen succeeded^ thanks to a 
indi cions use of the spectroscope, m discovering this method, thus 
opening up to solar astronomy a perfectly new field of research. 
The lead was afc once eagerly followed alike by Germans, English, 
Amoricans, and Italians, and unhoped for discoveries were made. 

This branch of spectroscopy has formed the subject ot special 
study in England and in Italy ; it has its own publications and 
private estalSishments for carrying on researches of which the 
initiative was due to our countryman. 
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escape the glare of gaslight, and the tremulous motion caused by 
the passing of carriages and trains. On the terraces instruments 
can be placed under the most favourable conditions, being sheltered 
from the wind, whilst they can at the same time command that 
portion of the heavens which is the most explored. 

Your Commission agree with the Minister that, as stated in his 
Bill, it would be impossible to find in the ncighhourhood of Pans a 
more thoroughly suitable place. 

We now come to the question of the adaptation of the ruins of the 
Chateau to the erection of an observatory of astronomical physics 

When the Chateau de Meudon was burnt, the upper portions of 
the building suffered most. The entresol and ground floor, which 
were the last to take fire, wore infinitely less injured, and can be 
more easily repaired. A complete restoration would cost two or 
three millions of francs, (from 8,0007/. to 12,0007.,) whereas a partial 
one, as proposed, with the adaptation of tho establishment to the 
purposes of an observatory, would be very much loss costly. In 
the latter case it is proposed only to retain such portions of the 
Chateau as can ho easily restored, i.e. } the ground floor and entresol, 
and to surmount this building with a terrace on which would be 
placed the great dome and tho instruments for taking celestial 
observations. 

The facades of the central pavillion being thus preserved would 
surround the great dome of tho torraco, whilst the terrace of the 
building would be sot apart for the observations ; the lower por- 
tion, including the ground floor and entresol, would afford tho 
necessary accommodation for tho lecture rooms, library, calculating 
rooms, <&c. 

Whilst approving tho plan of the architect, it is the wish of the 
Commission that the restoration should extend not only to the 
facade of the central pavilion, hut also to the two bays, which 
would add to its breadth. A central pavilion of greater breadth 
would, the Commission unanimously think, give a more elegant 
appearance to the restored Chateau, and would secure to this work 
of M ansart a greater rogn larity of shape Tho central pavilion alone 
wouldnot bo wide enough, and would bo out of proportion to the length 
of the two w i ngs . This m odifi catioi l would no doubt cause an increase 
m the cost, but it would not bo considerable, and the Commission 
have no hesitation m recommending Government to take into con- 
sideration the wish they havo expressed, inasmuch as tho adoption 
of this measure will bo the means of preserving more effectively the 
original characteristics and architectural elegance of the building. 

Tho Bill proposes that the private park should he sot apart for 
the Observatory ; this portion of tho domain is completely enclosed 
by walls ; it comprises, besides a largo extent of land, tho outhouses, 
orangery, &c. 

Tho whole of the park will bo required for tho Observatory ; for 
tho deductions of physical astronomy are based on physical experi- 
ments which have often lobe made on a vast scaio ; it will theroforo 
be necessary to be able to lay down in the park, which is quite largo 
enough for the purpose, tubes from 100 lo 500 metres long, intended 
for the optical study of aqueous vapour, oxygon, &c. 

It should also be stated that in theso days oxtensivc sites are in- 
dispensable for carrying on observations, owing to the absolute 
necessity of securing for the latter a sufficiently largo space entirely 
uuexpoRcd to artificial light, or vibration of the ground. Thus the 
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The scheme which had been foreshadowed by Professor 
Tacchini was discussed and agreed to, so far as M. Thollon 
was concerned, with the proviso, that it could not be com- 
menced until a research on the Telluric lines, on which M. 
Thollon is now engaged, was completed. 

While T was at Nice M. Thollon was engaged, among 
other matters, on a series of observations begun last autumn 
at the ohservatoiy of the Pic du Midi, which is being erected 
by the French Government for the use of the astronomers of 
France and other countries in the summer months. On the 
summit, at the height of about 10,000 feet, he found that at 
the moment of sunrise, and for one and a half hour after- 
wards, the definition of the sun was so perfect that the 
hydrogen surrounding each of the domes which Dr. Janssen 
has succeeded in photographing could bo easily observed on 
the 0. line ; so that on moving the slit of the spectroscope 
along the sun, the O. line wiis no longer continuous, but was 
really built, up of a series of sections of a mottled surface. 
This I observed many years ago during London fogs, but 
sueli observations have not been recorded elsewhere, so far 
as 1 can remember, until MM. Thollon and Trepied observed 
them on the Pic du Midi. M. Thollon finds at Nice that 
the time during which these delicate phenomena remain 
visible after sunrise is restricted with reference to the Pic 
<lu Midi. Indeed, at least sometimes half an hour after 
sunrise they had almost vanished in consequence of the 
disturbed state of the air. The moral of these observations, 
as it appears to me, is that we want a horizontal photohelio- 
grupli somewhere, the higher the better, to take a photograph 
of the sun on a large scale as soon as possible after sunrise 
each clear morning, and that the more delicate spectroscopic 
observations should be attempted at the same time. 

M. Porrotin, the director of the observatory at Nice, dis- 
cussed with me as to the best means of carrying on the 
stellar researches which they propose to inaugurate. M. 
Thollon bad proposed a plan of facilitating the observa- 
tions by means of mirrors. It is not necessary to give the 
exact details. I pointed out, however, that what we really 
wanted was, above all things, light, and that the time had 
now arrived when eye observations should give way to pho- 
tooraphic ones, and that if this principle were accepted the 
half million francs or more which would be required for the 
observatory would be saved. Tho conversation ended by 
my suggesting an 8-feet mirror of from 40 to 60 feet focal 
length, with a skeleton tube, merely adapted for carrying a 
spectroscope and camera, the exposures in either case being 
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p Joon ^ pelldit nn e A^n P / r0 i aSe °! lnstr ? m ents comprises a sum of 
250,000 francs (10,000 1 ) for the astronomical telescope 

. Plu ; e ® years ago, when this estimate was prepared, M. Janssen 
intended, to have constructed in Prance a telescope with an obiect 
glass of a diameter of abont 60 centimetres , it would now however 
be desirable to increase the diameter. * 

Your Commission having hoard that an astronomical telescope 
ot 80 centimetres is being constructed for the Observatory of Russia 
would be glad to see our future observatory at Meudon furnished 
witli as powerful a telescope as French industry can produce It 
must not be forgotten that for too long a time past astronomy has 
not been flourishing m France; that owing to the paucity of orders 
for powerful instruments our makers have had to turn them atten- 
tion in. other directions, and that, if we do not wish to witness the 
transfer to foreign countries of a branch of industry which used to 
prosper so well in France, it would be well to promote its revival by 
providing it with work Although we may not hope to at once 
reinstate Franco in this respect in the first class position she occu- 
pied, it is our duty to take advantage of every opportunity that may 
occur to revive a branch of industry which is so closely connected 
with tbo progress of science itself. 

The cost of the revolving dome, which will be constructed m 
accordance with the views of the Director of the Observatory, is 
estimated at 49,000 francs (1 ,960Z.) ; this, with a sum of 155,000 
"francs (6,200 1 ) for various instruments, 24,000 francs (9601) for 
contingencies, and 38,000 francs (1,5202) for laboratory fittings, 
make rip a total estimated expenditure of 1,035,000 francs (41,4002 ) 

Among the new apparatus and laboratory expenses are included 
the requirements incidental to photography The Universal 
Exhibition contained specimens of photographic pictures of the sun 
obtained by M Janssen, which were a source of attraction and 
interest to the scientific -world These specimens are the result of 
pci feebly new proi esses due to the Director of the Meudon Observa- 
tory ; they show with remarkable distinctness the granulations of 
the j diotospherc, which had not hitherto been obtained by photo- 
graphy. The study of these granulations, begun by M Janssen, 
renders it possible to foresee considerable progress m the knowledge 
of the solar surface and of the composition of the photosphere, a 
progress of which we shall secure the priority to our country if we 
afford, to M Janssen the possibility of following it by supplying 
him with more powerful means. 

To aum up, Gentlemen, the items proposed are as under . 

Repairs and appropriation of the rums of fr. £ 

the Chateau - 422,000 or 16,880 

Repairs of outhouses and enclosures- - 97,000 

Luiiboratory fittings - 38,000 

Dome of the telescope - - - 49,000 

A-Btiononncal telescope - - - 250,000 


Various physical and astronomical instru- 
ments ----- 155,000 

Contingencies - - 24,000 


3,880 

1,520 

1,960 

10,000 

6,200 

960 


Together - 1,035,000 or 41,400 
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(3.) M. Janssen's Scheme . 

( Translation.) 

fcJns, 

The English Committee on Solar Physics has 
honoured me by asking my opinion on the methods likely 
to promote the progress of the solar studies with which your 
Committee deals. 

I would have answered your invitation sooner had it not 
been for my desire to examine more thoroughly a subject of 
study which is common to us. But Mr. Lockyer’s visit to 
Paris, and the special invitation which that savant addressed 
to me on your behalf, have determined me to send to you at 
once the result of’ my reilcctions on this matter. 

After much reflection, on the methods now employed in 
studying the surface and the edges of the sun, either by 
means of the eye* of photography, or of the spectroscope, I 
am more than even- convinced that these labours, which 
derive their value from the uniform and continuous nature 
of the observations, can no longer comply with the demands 
of science without the establishment of a concert or union 
between the ohseivcrs. 

With the admirable means of study available in photo- 
graphy and the spectroscope, we can only succeed in producing 
isolated series, disconnected, and with gaps which deprive 
them of’ nearly all their value. 

What is true for the labours themselves is still more so 
for their publication. Every one publishes according to his 
means and his ideas of the object to be attained. Hence 
publications dissimilar both in size and method. 

It therefore seems to me that the time lias decidedly 
come when observers, who deal with regular observations of 
the sun, should combine their efforts and regulate . their 
labours. This object would be attained by forming a 
Committee, to bo termed “ the International Committee on 
Solar Studies/’ Its mission would be to examine the best 
methods of observation, to promote their application, to 
establish a uniform plan of observations, and finally to 

collect them. . . - 

Observations. — The Committee, alter investigating the 
existing elements of study due to participating institutions 
and observers, could make out a scheme of observations in 
which each one would have the part accepted by him, and 
suitable to his tastes, his acquirements, and his means. 

This plan would comprise ocular, spectroscopic, and 
photographic observations. The Committee would en- 



“ Arc of opinion that the vote applied for is justified by tlio impor- 
tance of the object in view, and that the funds available in the 
estimates for 1879 admit of the taking of the first yearly instalment 
of 345,000 francs (18,800/) in those estimates.” 

We have tlioiefore the honour of proposing for your sanction tho 
following Bill : 

BTLTj. 

Article J. 

The Chateau do Meudon, tho outhouses of tho said chateau, the 
orangery, &e , with l he portion of the private park shown in 
Vermillion on tho annexed plan, and tho “Avenue do Belleville,” 
shall bo appropriated to tho installation of the Observatory of 
Astronomical Physics of Pans instituted by decree of the (1th Sep- 
tember 1875, in execution of tho order to carryout tho objects of 
the financial law of the 8rd August preceding. 

Article 13. 

The cost of repairing tho buildings and adapting tho enclosures 
of the park appropriated to tho Observatory, together with the 
purchase of instruments and fittings, will amount to one million 
thirty-five thousand francs (1,055,000 ii\, 4<l,t00/.), a third of which 
shall bo taken in each of tho estimates for 1879, 18S0, and 1881. 

Of this sum, four hundred and sixty-seven thousand francs 
(467,000 IV , 18,680/ ) shall be borne on tho estimates of the Ministry 
of Public Instruction, Worship, and the Pine Arts, and live hundred 
and sixty-eight thousand francs (568,000 fr., 22,720/.) on the esti- 
mates for the Ministry of Public Works. 

Tho expenditure for tho maintenance of flic private park is esti- 
mated at fifteen thousand francs (15,000 fr., 600/.) a year. An 
equal sum is allowed to the Observatory as an increase to 'its annual 
estimates. These sums will bo inserted in the annual grants. 

Article HI. 

A vote for one hundred and thirteen thousand francs (115,000 fr., 
4,620/.) will bo taken in tho estimates of the Ministry of Public 
Instruction, Worship, and tho Pine Arts, for tho year 1879, to 
appear in tho first section (Public Instruction), in addition to 
chapter XIV., Astronomical Establishments. 

Article IV, 

A vote for two hundred and thirty-two thousand francs (282,000 fr., 
9,280/.) will be taken in the estimates of the Ministry of Public 
Works for tho year 1879, to appear in a new chapter of the 2nd 
section of the Budget No. 60, and entitled, “ Works relating to the 
Establishment of tho Observatory of Astronomical Physics of 
Meudon.” 

Article V. 

Tho expenditure authorised by the preceding Articles 111. and 
IV. shall be provided for by the general resources of the Budget 
for 1879, 
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the year LS,0 I will not enter specially into the advant* 
ol such charts but mention one only. It is very important 
when the protuberances in the region are further north or 
south if there is simultaneously a spot on the extreme outer 
edge. I have given many cases in which the protuberances 
had a contrary direction or appeared in the region as 
divergent clusters. This had not been noticed. ° 

The compilation of the materials of observations in the 
manner indicated I would entrust to the Committee, but 
nothing further. Their use and manipulation must be left 
to individuals, on their own responsibility, and not he invested 
with the authority of the Committee. 

.The compilation of the sun-spot regions (directly observed 
with a telescope or taken by photography) I would not 
entrust to the Committee nor yet the computation of the 
legions. As to the e rotation elements } no agreement need 
be expected in the near future ; their computation, also, 
must, be left to individual observers. For observation no 
definite pmwipia are followed. Faye laid down in the 
Compto Rendu that the measurement should be from the 
Dawes dark point in the nucleus, but Faye himself is not an 
observer, and consequently cannot know that his proposal is 
not practicable. If a large spot has several nuclei one 
observer measures the centre of the whole spot while another 
seeks out the largest nucleus, and finds nothing to refer the 
variations. Such published observations as these I cannot 
use for my researches. One must have regard for the varia- 
tions, especially if one wishes to contemplate a particular 
spot as identical with a spot of the following rotation period. 
The centre of a largely affected appearance in the first 
rotation period is not identical with the centre of a smaller 
spot of the second period, and if one considers them as iden- 
tical there will at once be a too deep parallax. My observa- 
tions which I am about to publish contain a confirmation of 
my former deep parallax (including refraction), viz., the 
sectional. Accordingly a correction belongs to the calculated 
regions, and is necessary. 

For the prosecution of researches for the exact deter- 
mination of a and i, I would observe that it cannot he 
expected that out of the discussion of a very large number 
of spots the right elements can be found, but one has to pick 
out those which are preferable. A good result would follow 
if it were assumed that the difference in the variation of 
longitude arises, if one Lakes a nearly similar number of 
spots in both hemispheres. My researches (which are not 
published) show that the northern hemisphere in respect to 
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As a more convenient illustration of the progress of the change 
in the solar activity aB regards the formation of spots, we reproduce 
the figures m the following table, for the year 1871 as well as for 
those of 1869 and 1870, for in our last yearns report we did not mark 
all tho periods during which views could not be obtained with 
special (Roman) figures 

In this tablo wo have adoptod January 3 * 56 as the commencement 
of tho 1869 period. 


1809. 


1870 


1871. 


Period 
of devolu- 
tion 

m 

£ 

tS 

o* 

o 

ki 

Total 
Aioaof 
Snots 
cat'll Day 

N | S. 

Period 
of devolu- 
tion 

Xo of Views 
taken 

Total 
Area ot 
Spots 
enoli Day 

Ponod 
ot do\ elu- 
tion. 

No, of Views 
taken 

Total 
Area of 
Spots 
each Daj 

N 

s, 

N 

S 

I. 

0 



XIV 

O 


_ 

XXVIII. 

6 

170 

299 

II. 

1 

31 

33 

XV. 

O 

— 

— 

XXIX 

1 

86 

1,294 

in. 

0 

— 

— 

XVI. 

8 

494 

733 

XXX. 

13 

347 

838 

IV. 

10 

25 

262 

XVII 

11 

1,156 

575 

XXXI. 

3 

339 

1,176 

V. 

11 

207 

662 

XVIII. 

12 

262 

450 

XXXII 

4 

338 

625 

VI. 

8 

307 

346 

XIX 

3 

355 

1,547 

XXXIIi. 

7 

382 

68 

VTI. 

9 

109 

289 

XX. 

14 

584 

103 

XXXIV. 

10 

307 

527 

VIII. 

9 

37 

155 

XXI. 

15 

44G 

91 

XXXV 

10 

368 

298 

IX. 

8 

233 

291 

XXII. 

11 

586 

277 

XXXVI 

9 

674 

330 

X 

7 

370 

483 

XXIII 

10 

776, 424 

XXXVII 

5 

219 

434 

XI. 

r> 

241 

13 

XXIV 

8 

1,938 

292 

XXXVIII 

5 

119 

165 

XII 

2 

362 

201 

XXV. 

0 

— 



XXXIX 

3 

199 

491 

XIII. 

2 

381 

213 

XXVI. 

0 





XL 

1 

546 

131 



i 


XXVII. 

1 

325 792 

XII 

0 

— 



The conclusion at which wo arrived last year from tho above data 
m respect to the successive) variations of tho solar energy in the 
two hemispheres, namely, that during the ponod of our observations 
(1809 and 1870) tho increase or diminution of the activity producing 
tho spots generally showed itself first m the south, and thou passed 
to tho north, is evidently applicable only until the poriod XXXI 
or XXXI L, in tho month of April 1871, m this month the spots 
reached their sccoud maxi mum , (the first was m September 1870), 
after which, apparently, tho valuations of energy bogau in tho 
northern hemisphere Owing, howevor, to tho insufficiency of our 
data, wo tiro not m a position to como to a definite conclusion 
Wo liavo already mentioned that September 1870 was tho epoch of 
maximum of spots. Commonly about the time of maximum tho 
curve which marks the change in tho total areas of tho spots rapidly 
rises, reaches its highest point, and bending at a sharp angle falls 
as rapidly. Taking tho diagram attached to the Kow Report of 
1870 . “ tlio positions and areas of tho spots obsorved at Kow during 
“ the years 1864, 1865, aud 1866, also tiio spotted aroa of tho sun’s 
“ visible disc from the commoncomont of 1832 up to May 1868,” 
and combining with thw diagram tho curve representing t tho rosult of 
our own throo yoars’ observations, wo can show how this curve varied 
about the periods of tho maximum m January 1837, October 1847, 
and Soptombor 1870 Tho abscissa) of our supplementary curve are 
oxactly those of tho Kow diagram, i.e. t cacli horizontal side of the 









67 


Registered No. 30,205, 1885, from Professor Ricco, of 
Eeale Observatorio, Di. Palermo. Letter dated 8th June 
1885. Expresses his desire to attend, and has addressed 
“ an application on the subject to the Italian Government/’ 


Registered No. 31,561, 1885. 

Princeton, New Jersey, U.S.A., 
Sir, 10th June 1885. 

I have duly received yours of May 19th, and sin- 
cerely regret that it will not be in my power to attend the 
proposed meeting of men of science engaged in solar research. 
I heartily approve the plan, and am greatly honoured by the 
invitation to be present, but family considerations make it 
impossible for me to go abroad this summer. 

As regards the scheme of Dr. Janssen, while I have not 
time as yet to examine and form an opinion upon every point 
involved, I think it on the whole a very admirable one ; 
one which would secure a rapid increase of our knowledge. 

I should be happy to co-operate with the proposed 
“ Comite international des etudes solaires ” to the extent of 
my ability. 

The only difficulty I feel relates to the pecuniary resources. 
I could not promise any considerable contribution from my 
'private means, and at present 1 have no other funds in my 
control. Were such a Committee formed, however, I should 
have some hopes of being able to obtain a grant from the 
University to supply my quota ; but I am not in a position 
to make absolute promises. 

I am, Sir, 

Very respectfully, 

Your obedient servant, 

(Signed) C. A. Young, 
Professor of Astronomy. 

Frank R. Fowkc, Esq., 

Secretary to Solar Physics Committee, 


Registered No. 31,699, 1885. 

Harvard College Observatory, 
Cambridge, U.S., 

Sir, 1 1th June 1885. 

Your letter of May 19th has been duly loceivod. 
Other occupations will deprive me of the pleasure ot attend- 
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APPENDIX VI. 

Circular Letter to Directors of Solar Observatories on Inter- 
national Co-operation . 


Sir, 

[ have already had the honour of communicating 
with you on the subject of international co-operation in the 
making and publication of Solar Observations. 

In my last letter I stated that it had been necessary to 
abandon the proposed conference on account of the difficulty 
of fixing a time which would be generally convenient. The 
object which the Solar Physics Committee has in view, at 
the present time, is to endeavour to see therefore whether 
the desired co-operation can be brought about by means of 
correspondence. 

The labours of the Committee both before and since the 
date of my last letter have resulted in arrangements which 
may be expected to secure a solar photograph on a scale 
of at least 8 inches to the sun’s diameter for every day 
in the year. These photographs are taken at Greenwich, in 
India, Mauritius, and Australia. 

Arrangements have also been made by which the reduc- 
tions of these photographs arc undertaken by the Astronomer 
Royal ; these reductions include heliograpliic latitudes, lon- 
gitudes, and areas of spots, and also positions and areas of 
faculne, the areas being stated in millionths of the sun’s 
visible hemisphere. 

For these reductions, the solar rotation of 25 * 38 mean 
solar clays is taken, and the assumed prime meridian is that 
adopted by Carrington, so that the reductions made at the 
present time are based on the same data as those assumed 
in Carringtons series. 

The Solar Physics Committee arc willing to take such 
steps as will enable them to place these reductions in the 
hands of all solar observers at the earliest possible moment ; 
and if adequate co-operation can be secured, they believe 
they will also be able to supply copies of the daily photo- 
graphs. 

The Committee believe that if this information could be 
placed in the hands of observers at an early period after the 
day of observation, much time now spent in determining 
positions of spots whether from drawings or photographs 
might be saved for other inquiries. 
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on the issue of such a bulletin, I am directed to observe 
that if there is any fund at your disposal from which a pro- 
portional part of such expense might be contributed, or if 
you were able to subscribe for a certain number of copies of 
the bulletin, at a price to be fixed hereafter, it would assist 
materially in giving practical effect to the proposed scheme. 
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APPENDIX E. 


From Major-General J. F. Walker, C B , B ,E ; , Rarvoyor-GoneraL 
of India, to the Secb.eta.ey, Science and Art Depai tment, bouth. 
Kensington, London, S.W. 

Government of India,^ 

Survey or- General’s fheld Olheo, 

Mussoono, dated tth July 1879., 

* In reply to your letter of the 13th May I have to white that 
the possibility of having actmometric observations made m India, 
and of obtaining interesting and valuable results from thorn, has 



the Proceedings of the Eoyal Society, No. 125, 1 WO. 

2 I gather, however, from the papers accompanying your letter 
that the object now m view is to obtain continuous aetmninoLriea 
observations for as long a period as possible, for which purpose a 
site well elevated above the lower strata of the atmosphere, . and 
situated beyond the influence of the Indian monsoons, in son ns fairly 
civilized locality where the necessaries of life are to be obtained 
without much difficulty all the year round, is necessary. 

3. Such, a site, I believe, is to he found in boh, as already sug- 
gested m the Eeport accompanying your letter. J)r (U t > ley, who 
resided there during the greater portion of tlm year (though not 
during the winter) for four years, and of whom f made inquiries on 
the subject when I received your letter, replied as follows : — 

“ I believe, from much experience of the climate, that low hotter 
places in the world could he found than Leh for any sun observation. 
The number of cloudy days in the year js very small. One may 
say that from early April to October there arc almost none. 
The air is perfectly dry and free from moisture, and without vapour 
of any kind. There is not on an average above 2" of rain. During 
the five winter months there is moro cloud and some snow, but stil I 
comparatively little, nothing like tho more southern Himalayas, and 
there is far more of clear than cloudy weather. 

44 As to dust there is often a good deal of dust and sand blowing 
up in the valley of the Indus below Leh in the windy part of tho after- 
noon, but it is very partial and novor obscures tho sky, and at Leh 
itself, which is between four and live miles up a side valley, and is 
surrounded by cultivated and irrigated fields, there is no dust at all ; 
tho air is always perfectly transparent, so that the most distant 
mountain peaks are as sharply defined as if they worn close at hand. 
In the wide plain of Ohanthang beyond (Jhangehemno you got 
driving storms of dust and sand, and often saline mattor, pretty 
nearly every afternoon, and I suppose in Yarkand in summer there 
is a constant atmosphere of dust; but in Ladak there is nothing of' 
this kind, and I believe Leh would prove a most perfect si to for 
taking actinometric observations ” 

4. Leh is 11,500 feot high above tho sea level; it is situated in 
latitude 34.10, where the meridian altitudo of tho sun ranges from 
32° to 80°. The fixed population is said to range from 500 to 1,000 
souls. A European gentleman, Mr. Johnson, ‘Wazir to the Molntra- 
2 ah of Kashmir, resides there all tho year round, and tho Agent for 
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temperatures are in question, wmlston the descend 
ino- side of the curve the spectra will depend upon 
successive chemical combinations rendered possible 
by a gradual reduction of temperature in a gaseous 

The ™troscopic observations of the lla. stars have 
hitherto been made on the supposition that all of 
them were cooling bodies, so that no efioi ‘ 
been made to establish the necessary criteria. 1 he 
spectroscopic criteria which will enable observers to 
Ern any particular Class II«. stars to either 
Group III. or Group V., as the case may be, of the 
new classification have recently been determined by 
work in the observatory. 

(5.) Tests. 

As a test of the truth of the hypothesis, Mn Lockyer 
shows how it hears the strain put upon it when it is usee 
Indicate how the groups should be stdl further divided, and 
-atW qneevfic differences may be expected, ihus> the hist 
species ^>f Group I. will include the least condensed swarms, 
Succeeding species will include the more condensed ones. 
The last species of all will consist of the hottest of the stars 
with bright lines, like 7 Cassiopeim. In passing through 
This series, the spectroscopic differences observed between 
the different species are just what would be expected on i 
supposition that meteorites at gradually increasing _ tempera- 
tures aie in question, and the general hypothesis is thus 

gr Xtis dXfhowfthat if the next group (Group II.) be 
discussed in a similar manner, the same conclusion is arrived 
ot The actual spectroscopic differences observed arc exactly 
what they would be in a condensing swarm of meteorites 
with a gradually increasing temperature. The 29 / stars of 
this o-roup which have been observed by Duner have been 
divided by Mr. Loekyer into 15 well defined species, the 
first beginning where the last of the preceding groups leave 

The subject of variability, as far as it is associated with 
the stars which Mr. Loekyer lias shown to be uncondensed 
meteor-swarms, was also considered at some length m the 
Bakerian Lecture. Mr. Lockyer’s explanation of variability 
is closely allied to that of Newton, who ascribed the increase 
of brightness to the appulse of comets. . . 

According to Mr. Loekyer, however, the variability m this 
class is produced in the simplest case by the revolution ol a 



bit September — The nucleus had changed to the shape of the 
figure 3 and was ranch darker; the little spot to the east had broken 



up into three smaller ones Soveval more lines wore a libeled hut 
be two on b and F a darkening of the lines was oi>»cr\ed but no 
widening. 

2nd September.— The nucleus had become pear-shaped and was 
veiyaark; the three small spots to the east had also disappeared 
I lie atmosphere was very clear, and I could easilv detect in the 
spectrum the absorption due to tho pores. I noticed to-day a «TL*at 
number of lines between h and F widened (see the H'llyomod list) 



faYoupa^^nd^fJi W tV again able to observe the spot under very 

ss b i° sst™ 

jassfastet STO “" *”• ” dc ” j ' - 
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bodies of tbo universe. A.s far as can at present be stated* 
tbe sun belongs to one of the later stages of Group V.* that 
is to say, it has already passed through the nebulous stage* 
and the stages represented by stars like « Orionis, « Tauri, 
and « Lyrse, and has still to pass through the stage repre- 
sented by stars like 152 Selij. before it finally becomes a 
dark planetary body. There is evidence that the time taken 
for a nebulous swarm to reach the hottest stage is less than 
that taken for the subsequent cooling to the planetary stage, 
so that although the sun has already cooled very considerably, 
it is probable that it is still only about half way in point of 
time on its journey from the nebulous to the planetary stage. 

The experiments on the spectra of meteorites are especially 
interesting in connexion with the probable meteoritic nature 
of the sun’s atmosphere, and the theory which ascribes sun- 
spots to falls of this meteoric matter into the photosphere. 

The solar spectrum can be very nearly reproduced by 
taking the spectrum of a mixture of stony meteorites between 
the iron meteoric poles of an electric arc. Photographic com- 
parisons of this kind, on a large scale, have been taken for 
the region of the spectrum lying between K. and D. 

The absence of carbon and oxygen from the sun (or their 
presence in very small quantities) and the. presence of 
hydrogen also receive explanation by the meteoric hypothesis. 
It is known that the vapours in the heads of comets are 
driven outwards from the sun by some repulsive force. If 
this force is so intense at cometary distances, it may fairly be 
expected that it will also exist at the sun’s surface, and 
consequently the permanent gases will be repelled. In this 
way the absence of oxygen and compounds of carbon is 
accounted for. Hydrogen is also repelled in a similar 
manner, but as quickly as it is driven away more is formed 
by local dissociation. 

Another reason for the absence of carbon is* that if it by 
any means could descend as low as the photosphere* it would 
be immediately dissociated. 
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Spot No. 1. 1879 (August BOfcli — Sopt P>rd). 

In Table I. is given a list, for each clay that obsei vationa were 
made, of the lines adected m this spot; and likewise a list ol linos 
airectcd m a spot examined at Greenwich m OeLobor 1877, which 11m 
Astronomer Royal has kindly supplied to the Oounni Uoe. 

The second order spectrum of a grating having 17,289 Iuioh to Lite 
inch was used for these observations 

In Table II. a reduction of these observations has been made, and 
tables are given showing llie effects of the spot upon metal l in linos 
The metals included m tins reduction were chosen either because 
some of their linos were scon widened in the spots, or (‘1st' because 
tlieyhaAO lines coincident with those of anothci metal within Qm 
region under discussion, viz , from b to |C. 

Metals having lines with reading m Thalcn’s list* identical *\v i M i 
those of* the metal under consideration aie entered under (loinci- 
den ces,” whilst those lines which arc basic according to Angstrom’s 
Map will 0 be found m the last column of the table' under (Joinoident 
Metals in Angstrom’s Map. 

Table tl I. shows how Tlial6n’s basic linos were affected in this 
spot 

Table IV. is a summary of Tablo JJ Tlie total number of 
nn affected metallic lines, added to those seen m spotH and storms 
and diminished by those common to both, gives the total number of 
metallic lines 

Tho chief difference between this spot and that of October 20 Lb 
1877 is the great increase m the number of lines widow'd or other- 
wise affected Thus it will be found that in the year 1877 only 21 
lines were widcucd m tho region between b uud lf, whilst in Lliib 
spot no less than 140 lines are so affected, hut strange to say live of 
the lines widened in 1877 are not affected m this spot. 

Fourtqcn of the 21 lines seen in 1877 have corresponding readings 
m metallic spectra, and such also is the case with no less than 9b of 
the lines seen this year 

It will he found on exam uung the table of basic lines tliat of the 
7 basic iron lines all were widened this year, whilst in the year of 
minimum sun spots three only were affected. Again tins your two 
-out of tho four basic titanium lines arc recorded as having been 
widened, whilst m the year 1877 only one basic titanium hue was 
affected. 
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List op Lines seen widened in tiie Legion between b and F *(waTC 

lengths 5183 0 to 4860*0), 

Note.— T im metals eiilerod In italics we taken farm Aii^liWs nup, these in roman ft,*. 

uiaien s table 

“ w ’’ indicates the amount ol widening, a single “w” being the smallest nulemii" 

“tl „ darkening, „ **d” 

“f s.l.” means la mt^olai* line “T’-line “n *’ or f *nr J, = neat* 


Green- 

Green- 

wich. 

wich 

31st, Del 

3rd Nuv 

1S77. 

1877 

b, 5183 0 

51 S3 0 

1 

hi 51 72*0 

5172 0 

b , 5108*3 

51 OS 3 

lit 5100 7 

5100 7 


Kensing- 

ton 

Mill Aug 
1S7‘> 


m*i o w 

S 1 ll'S-s 

roll im- 
gible 
than !>,? 
5172,0 w 

n ins u 

5100*7 w 


Kensington 
1st Sept. 
1S79 


nisii'O w 


5172 0 \v 

Rios :iw 

5100*7 W 


oil F9 
5 LOO S 
5108 8 


5000*2 

5008*5 

5098*1 


5075 8 


Kensington 
2nd Sept 1879 


51S3 0 w 
ib 


5172*0 w 
5171 1 w 
5168 3 w 
0100*7 w 


5101*5 w 


5158 5 W 

5153 2 W 
5102 3 w 
5151 2 w 
r s 1. nr. 5150*0 

WWW 

5150*0 d 

5117*2 w 
51 12 2 w 
514-1*0 w 
f s.l ill 5110 0 
WWW 


Kensington 
3ul Sept" 1870. 


5098*5 w 
5008 1 w 


5083*5 w 
5082*2 w 
5081*8 w 
5080*6 tv 
5078*8 ww 
5077*9 ww 


5071*8 w 


5051 0 w 
5049*4 w 
5048*0 w 


5183 0 w 
5176 2 w 
ib. 


5172 0 w 
5171 1 w 
5108 3 w 
5106 7 w 
5165*8 
5101*5 

f s 1. lessiofrangible 
than 5161 5 w w 
5161 5 w 

f s 1. less lefiangible 
than 5158 5 w w 
5158 5ww 

f s. 1. near 5150 0 ww 
5153*2 w 
5152 5 w 
5151*2 \\w 


f s 1 nr 5140*0 www 
5147 2 w w 
5142 2 w w 


5138 6 ww 
1 m 5138 0 ww 
5130 8 w 
1 in 5136 0 ww 
5133*0 d 
5132*0 ww 


5107 0 w 
5102*1 www 


509S*1 www 
bright sap nr. 5095* (ij 
„ w „ 50S5 0| 

50S3*5 w 
50S2 2 w 


5077*9 www 
5075*8 w 
5074*0 w 
5071*8 w 
5068*1 w 
5066 3 w 
5064*4 ww 
5051*0 W 
5049 4 W 
5048*0 W 


Metal- 


Ms 


.Ms To 
Ft* 

Fe Ni 
Ft* Ala. 
Ft 
Ft. 


Fe, 


Fe. r L\\. 
Ti 

Tl >’a 
Ti Ft. 


Fe. 

Fe. 

Xu Fe. 
Fe 

3Sl. Fe. 
Te. Fe. 

Fe. 


Xu 

Fe. 


Fe . 

Xu 

Fe. 

Fe. 

Fe 

Zn Fe. 
Ti Fe. 
AFo. Fe. 
Fe. 

Fe Ti. 
Fe. 
Fe. 
Zn. 



1«4 


Gieen- 

\ueh. 

Green- 

wich. 

f 

■' Keiibing- 
• ton 

Kensington 
1st Sept 
1870. 

31st Oct 

3rd Nov 

30tli An? 

1377 

137* 

; 1879. 


11 




5041 2 
5040 2 




5035 8 
5035 3 
5034 7 




4981*8 


Kensington. 
2nd Sop! 1879. 


Kensington 
3rd Sept. 1879. j 


CO 17 8 w 

COH 2d 
5010 2 d 


o(J06 0 w 
5005 2 w 
5001*1) w 


408 1 7 w 
1088 5 w 


017*8 w 
5013*3 w W 

on 2 w 

5010 2 w 
5037*8 w 
5085 8 WW 
5035 3 w w 
5031*7 w 

5027 2 w I 

5020 '2 w 

5025 5 w 1 

5021*7 w I 

5021 1 w | 

5011) 3 W j 

5017 5(1 

5010 5 \v 

Brmlit line nr 5015 o 

5011 2 w 
5013*3 W 
Oil* lw 
5000 0 w 
5005*2 W\V 


5003 1 w 
5002-0 W 
5001 Ow 
11)9') *9 w 
1'1'IK H >\ 
nK»7 Lw 
1005 Hw 


mrt w 

gi% » w 
loss 3 W 
1081-8 w 
1081 7 w 
1083*5 w 


} 


4981 0 


i 


11)81 0 w 
4070 4 0\V 
4977 8 w 


4951 2w 
4052 2w 
‘1949* 8 w 
1045 8w 


4041*4 w 
4038 8w 
4038 4w 
4088* Ow 
4988*4 w 
4027*0 w 
4021 4w 
4928 lw 
4021*2 w 
4919* 8 ww 

i 4018 2w 

| Paint lines more 

> refinnorible than 

' 4018 0 


‘1 < )82 5 w 
*1081*0 w 
1081 8 w 
1081 0 w 
1070*0 w 
4077 8 w 
m o ww 
14)75* 2 ww 
1070 0\uv 
4000*4 ww 
1000 Oww 
4007* 7 ww 
‘W)G7 *3 ww 
•1001 5 W 

f. a. 1. nr 44)50 0 w 
4050*7 cl 
4051 2 W 
1052 2 w 
JM)W) 3w 
10 15*8 ww 
4015 2ww 
4011 0 w 
4*>tl 4d 
4038 * 8 WW 
4938* 1 ww 
J 033*0 ww 


4010*8(1 
4013*2 d 


Metals, 


Fe. 

Ti Fe. 
Ca. 
Pe, 
Tt. 
Ti. 

Ni. 

Fe. 

Fe. 


Ft > 

Ti. Fe. 
Nj. 


Fe. 

TI. 

Ou Fe. 
Ti. Fe. 
Fe 
Fe 
Fe. 
Fo 
Ti. 


Ti. 


F( 


FO- 

Pe TI. 
Ti . JVa 


Fe. 


Ni. 

JNi. iVa. 
Na. 
JVcc. 


Ti Wo. 
Ni. 
Ti. 


Ti. 

Ce. 

Fe. 

Fe. 

Ti. Fe. 
Fe. 
Ti. 


Po. 

Fe. 

Fe. 

Fe. 

Fe. 


Fe. 

Fe. 

Fe. 

18a. 


Fe. 

Fa. 

Pc. 



1 


Gie f n- Gicon- 

wieli wieli 

noth Oct. | 3rd Nov 
ts77. is 77 


Konsmg- ,1 
1(m 1 Ivensinaton | ,, 

noth An- L^sington 

Alu IS74. i -ml Sept 1,379 


]s?» 


Kensington 
old Sept 1ST'.) 


Mrtnh 


F I '500*7 


l u tiU 7 


Win e 


5151 8 

.iiw r> 
tosn 3 
tnsi r» 
tosro 


Tlmlen, 


I hiMisilie 


*1002 5 \v 
1890 7 w 
1390 0 w 
1SSS 3 W 
1833 0 \v 


l.SSo (I \V 
1877* 1 u w 

4371 3 w 
4870*5 w 


1360*3 w 


Sodium. 


ri.»i> 

I* 

Map 


Ooinei- 
di nces. 


T1 (2) 


4902 5 d ' 

Fe 

1890 7 d 

Pe. 

4890 1) d 

Fe. 

188S 8 \v 


4SS8 0 \v 

Fe. 

4880 1 

Ft 

1S83 9 w 

Fe. 

1884 2 \v 

Fl 

1882 7 w i 


1880 ,) \y 

Fe 

1877 1 \v 

Ca. Pe 

1875 *2 w 


1871 3 v % 

Pc. 

4870 5 w 

Pe 

1S()7 5 \v\v 

Ti Mo. 

4803 5 \vv i 

Th 

4800*5 d 

H. 



Spot-., 


Stoims (Young) 


1877 
20 Oct 
7 Nov 


1870 

30 A.ne 

1 

, 

Coincident 
o Metal-, in 

Fi oqoency 1 

Bnghtness 

• An gsti orn\ Map 

A Sept 


1 





w 


i 

Cv 

w 



Fe 

w 


, 


w 

1 

i 

Fe. 


Magnesium. 


‘7.183 0 
1*5 172*11 


J 


w 

\v 

50 

1 

Te (5) 

w 

\v 

50 

1 

Fe (2) 

w ; 

\v 

30 


80 

35 

20 


Zinc. 


515,3*5 

1. 



\vw 



5121 0 

1. 

firb+Y(S) 



1 

i 

5074*0 




w 


*• 

501,8*0 




w 



4971*0 

I. 






1.023*8 

1 






4911*2 


. . 



3 

2 

1.378*0 

{) ,1 



* 


« - 


106 


Oadmxtjm. 


Th aloii. 

Wave 

lj(MlgillS. | 

! 

intensities 

; 

Coinci- 

dences. 

n inn o 
nos 5 o 

l- 

1 

Tl*(l) 

„ 


- - 


Spots 

SLorns (Young)* 

1S77 

2(5 Oct 

7 Nor 

1X79 
lid A in; 

n Sept- 

Fmpicnov 

Ri i ( ;litness 


Coincident 
,, Metals m 
Angstrom's Map. 


Barium. 


iooo i- 

4890 3 




- 


w 

no 

X 

o 


no 


Calcium. 


ROM 2 
4877 ’ li 



ISTlCKETi. 


5175*5 

Map 



.. 

•10 

30 

b 5iox n 

5 

Ve (3) 

AV 

AV 

5155*1 

5 


• • 

* 



5115*7 

5 



IV 


t 

51 1-2 0 

5 





5111(1 8 

511 li 1) 

5 

;; 

W 

w 

'i 

' i 

5001) 7 

5 



\V 


* * ! 

5008*5 

5 


av 


* " ! 

5080 0 

5 



w 



5071) 7 

5 


\v 

w 



5o:i' it’d 

n 




501(1*5 

.1 



\v 



40811 ’.*1 

5 



w 



407D li 

5 

.. 

• * 

AV 

. . 

* 

40115*1 

n 

. . 



. . 

. « 

40 17* (5 

n 

. , 


• * 

• • 


4003*0 

;i 

Tx (10 

. • 



• * 

4872-1) 

1 

. . 

.. 


• • 

* * 

4805*3 

1 

* • 


'1. 

„ , - 

" 1 


Ikon. 


5108*3 

5 LOO *7 

3 

2 

Ni (5) 

Mg (1) 

AV 

AV 

AV 

AV 

40 

30 

30 

20 


5105*8 

Map 



AV 


* * 


5104-0 

„ 



AV 

“ 

* • 


5101*0 

-It 



AV 

* * 

* * 


5158*0 

Map 

• * 


AVW 

ft ft 

» . 


5151 2 

„ 



AV 

d 

WAV 

4 ) 



5150*0 

5147*2 




U 

.. 

jsri. 

5115*7 




AV 

** 

* * 

Nu 

5141*9 

>> 



ft t 

• * 

5138*6 

2 


" 

AVW 
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Thalen 

Spots 

Wai e 
Lengths 

Intensities 

Coinci- 

dences 

1877 
26 Oct 

7 Nov 

1879 

30 Aug 

3 Sept 

1002-5 

Map 



w 

4890 4 

1 



w 

4890 0 

Map 



w 

4888-0 

. 



w 

4SS6 4 




w 

4885-0 




w 

4884*2 

5J 



w 

4880 9 




w 

4877 4 

3 

Ca (3) 


\nv 

4875 2 

Map 



\v 

4871 3 

j 



\\ 

4870*3 




w 

4863*0 

| 

Map 

l 


v\v 


— 

- - - 

. 




Storms (Young) 


Ficqucncy. J -Brightness 



Metals in 

Iiifthtrom'sjjkx, 


Ti. 


‘*1 


Titanium. 


5173 0 
5153*2 
5151 *2 
5147 0 
5114 5 
5128 (J 
5126 (J 
5119 9 
5113 0 
510S (} 
5102’ 4 
50S6 5 
5070 5 
"071 S 

5005 5 
506i’l 
5001 3 
5052 ,j 
5043 1 
5039 2 
5038 7 

floss 0 
5037 8 
o035 8 
5035 0 
5035 2 
5024 H 
5023 8 
5021 2 
5019 4 
6015*3 
5013 3 
5012 2 

5006 0 
5001 0 
490S 8 
4990 3 
4988 3 
*4081 0 
4977*8 
4973*2 
4972 2 
4967 7 
4964*5 
4947 0 
4937 2 
1927*5 
4925*0 
4920*8 


l 

I 


3 


1 

4 

1 

2 

4 

I 

j 

4 

4 

4 

1 

3 


a 

2 

Map 

Mud 

Map 

i) 

a 

3 
*1 

2 

1 

4 
1 
4 
1 
1 

3 
1 
l) 

4 


i 

S 

5 

2 

2 

4 

9 




1 \V 

1 

1 

J 



i 

■ 

w 

> 

IV (l) 


M 


• 

w 

M r 




W 



\v 

W 



5V 

V 





SO 


1 

w 




w 




\v 


Fed) 


vr 

\v 


IV (3 


vr 


Wo (1) 

w 

vr 



. 

\v 

m 

■ 


5V 




\\ 


*• 

, t 

vr 

y 


10 


l\ ■. 


/'V. 




F<\ 


r\\ 


/'V. 
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Thalen 

Spots. 

Storms (Young ) 

Coincident 
o Metals m 
Angstrom’s Map 

Wave 

Lengths 

Intensities 

Coinci- 

dences. 

1877. 
26 Oct 

7 Nov 

1870 

30 Aug 
3 Sept 

Frequency 

Brightness. 

491!)' 0 

3 



9 





4913*2 

3 





, . 



mi *3 

3 








4903*0 

4 

Ni (3) 




, , 



4809*3 

2 

33a (2) 




30 

*6 


4884*5 

1 







Fc. 

4873*0 

4 








48n9 0 

2 








4307 * 3 

2 

Mo (1) 

** 

w 




Co. 


Molybdenum. 


4979 0 

5 






1807 5 

l 

Ti (3) 


\v 




Tungsten. 


5070 5 

3 



. i 


5008 '0 

3 

i 

w 



5053*0 

1 

: • 1 




5014* 1 

3 


•• 


. 


5007 0 

3 

T1 (3) 

. 

1 w 



4981*0 

1 

Ti (L) 





1887*5 

o 


■ 

1 

* • 



Thorium. 


— 

— 

*" 





1 :io o | ;j 

180 > j i 3 

1 


’ • 


•• 


Fc. 


Y A.N \DIUM. 


issro ! 

„ 



1871*5 1 


l'ai't) 1 . i . 

.. .. 

4801' 0 

i- 


♦ . 1 


5177’ o 

.1 

l)i+ La 


5111 0 

1 



5112 5 

4 



5036*0 

5 



1848 ' 5 

2 



4877*5 

3 




Antimony. 




Bismuth, 


Thalen 

Spots. 

SI oi ms (Yomifi). 

Wa\ o 
Lengths 

Intensities 

Coinci- 

dences 

1877. 
20 Oet, 

7 Nov. 

1879 

30 Aug 
3 Sept 

Proqnoiu'y 

Rrittlitness 




_ „ — 

— 



— 

5113 1 ‘5 

1 



. 


*• 

5123 5 

1 

. 





corn) 5 

5077 3 

5 

4 

, , 

. . 

. 

♦ 


1093 0 

1 

Cc (5) 





1070 0 

5 

w 


•• 


4005 0 

4 

* ■ 

' 





(Joiuc*i<lcint 
' Metals m 

Anffstrom’aMap. 


Copper. 


5132 0 

1 



\v* 

. 

3101 0 

1 





50 LI 1 

1 





1* 153 5 

3 



* • 


4942 5 

!> 



• • 

• 

4011 3 

3 







jYi t. 


/•V. 


Thallium. 


5132 5 

2 

Na (8) 


w 

u j 

i 

fiOSS 0 
5078 3 

1 

,1 

Cel (1) 





5034 0 

4 

Wo (1 

. . 

. 



1981 5 

4 

Brb + Y (1) 


• . 

* • 


4915 3 

t 

. . 


• 

• • 


4892 0 

!■ 

• • 


" 





Ejibium a:nd Yttiiium. 


r»i:> I n 

5 




, , 

5120*5 

1- 

55u (1) 



• ■ 

5121 0 

o 



\ 

5117 3 
5087*0 

l 

Tl'(3) j 



i 

198L*5 

l 




4971 0 

t 





4935 0 

4 

L)i+ La, (1) 




1900 0 

1 


• * 

. . 

4882 3 

1 

Ui + La (1) 





Ceuium. 


5101 o 
507iUO 
5072 0 
4970 0 


5 

ft ft 


.. 


t , 

3 

4 

5 

« ft 


•• 


•• 

Bi'(5) 

w\v 

•• 


*• 


■Palladium. 


51(53*0 

1 








611(5*5 

2 i 

. • 




. i 




2 

. 

. 



, , 



4874*5 ] 

3 

Va (3) 




•• 
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Didymium and Lanthanum. 


Tluldn. 

Spots. 

Storms (Young). 

Coincident 

3 Metals m 
Vngstrom’sMap 


Gomel - 
donees. 

1877 

2(1 Oct 

7 Nov 

1S7 > 

30 Aug 

3 Sept 

Frequencj 

BngUtness , 

ruse o i 

n 177 *0 l, 

n i r>7 o 4 

n lit o i, 

r.i:5i)T) 3 

r> i *22 5 ,i 

^iirii ;; 

5055 5 5 

4000 5 4 

4008 0 4 

1-050 0 4 

two 1. 

4 >20 0 1 

4000 0 1 

488 *2 5 1 

Sb (3) 

Ei*b+ Y (I) 
Erb+Y (1) 







Tellurium. 


1 >517*2 0 

rj 

Mg (1) 

w 

w 

50 

35 

“5152 0 

3 






5133 0 

r, 



XV 

i 

1 

5101**5 

JJ 





, . 

5035*0 

1) 



. , 



4805 0 

5 






48(50*5 

4 
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Table 111 , showing how Thalen’s Basic Lines were affected m the 
Boors of August 20th to September Orel, ] 879, and October 26th to 
Novemhor 7th, 1877. 



ThalOn. 


Spots. 

Widened 

Storms (Young). 

Wave 

Dength 

Common to 

Intensity. 

Frequency. 

Brightness 




1877. 

1870 



51 OS 3 b» 

Fe Ni 

3 5 

xv 

w 

10 

30 

51(50*7 !>», 

Fe Mg 

2 1 

w 

\v 

30 

20 

5001. 4 

Fe Ti 

# 1* 1 


\v 



4000 0 

Fe Ti 

4 1 





10SS *3 

Fe Ti 

5 3 


XX 



5014 3 

Fe Ca 

8 2 

\v 

w 


2 

4.877*4 

Fe Ca 

3 3 

. . 

\v 



4081*0 

Ti Wo 

1 4 

w 

w 

• • 


1,8(57 5 

Ti Mo 

2 4 


v r 



5152 5 

Na TI 

3 2 


\v 

ti 

1 

5172*0 hi 

Mg To 

1 5 

W 

XV 

50 

3j 

1.070 0 

15 i Ce 

5 5 


XV 



4003*0 

Ti Ni 

4 3 


• • 



4809 3 

Ti 33a 

2 2 



30 

(> 

5L21 0 

Erb+Y Zn 

2 4 



1 

1 

4081*5 

Erb+Y TI 

4 3 





4000 0 

Erb+y, Di+La 

L 1 





4883*5 

Erb+y, Du- La 

1 1 





5053*0 

TI Wo 

3 1 





5085*0 

TI Od 

4 1 


* 



4874*5 

Pd Ya 

3 3 


• ♦ „ 



5177*0 

13i+ La Sb 

4 3 






K 824. 
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Table IV , showing the number of lines belonging to each Metal 

m the Spots seen August 3Cth to September 3rd, 18/9, and October 
261 h to November 7th, 1877. 


MctaR 


Sodium 
Magnesium 
Zmc 

Cadimum - 
Bainnn 
Calcium - 
Nickel 
Iron 

Titamun - 
Molybdenum 
Tungstem - 
Thonum - 
Vanadium - 
Antimony - 
Bismuth - 
Copper 
Thaliura - 
Erbium Yttuum 
Cerium 
Palladium - 
lhdymium and Lanth- 
anum 

Tellurium - 


Total 


Total 
No. of 
Line-- 


20 

90 

58 

2 

7 


7 

10 

I 

1 

15 


Number oi Lines I 
common to 
Spots and 
Storms 


Numbei of Lines affeetedm 


Spots 


1877. 
2(1 Oct 
7 No\ 


1879. 1877. 

30 Auu. 26 Oct 
3 Sept. 7 Nov. 


I 


276 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

12 


1 

3 

0 

0 

0 

1 

1 

11 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 


23 


1879. 
30 Aug. 
3 Sept 
I 

1 

3 

3 

0 

0 

2 

9 

77 

20 

1 

2 

1 

0 

0 

1 

1 

2 

0 

1 

0 

0 


20 


Storm h 
(Younfi’b) 


0 

2 

1 

2 

20 

6 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 


129 


Unaffected. 


1877. 
26 Oct. 
7 Nov. 


3 

0 

0 

2 

s 

1 

1(1 

71- 

1S 


3 

l> 

7 

<; 

<> 

‘If 

l 

15 


187*). 
30 Aug. 
3 Sept 


0 

0 

3 

2 

0 

0 

10 

13 

32 

1 

5 

1 

3 

(» 

0 

5 

5 

8 

3 

4 
ir» 


127 
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APPENDIX a. 


£ Method of detectin*. 
Series of Observations 
-EVR..S/ 


THE UNKNOWN INEQUALITIES OF A 

By Professor Balfour Stewart, 


1. Our chief reason for suspecting the existence of a connexion 
Between the state of the solar surface (as this is revealed h j spots) 
and the magnetism and meteorology of the Earth is derived from 
the tact that our observational series of sun-spots, on the one hand, 
and of magnetical and meteorological changes, on the other, are 
believed to he all subject to a common inequality, whoso period 
(about 11 years) is virtually the same in all. 

But as it is only of late years that observations of great accuracy 
have been made m these three branches of inquiry, it is impossible 
to compare together more than a few scries of this long-period 
inequality, and hence some observe! s are still inclined to doubt the 
ideality ol* a true connexion between the Sun and the Earth of the 
kind above-mentioned. "VVe are thus led to ask ourselves whether 
there may not he other inequalities of shorter period in these various 
observations, and whether we cannot devise some means of ascer- 
taining* the exact periodical times of these as well as their other 
properties. 

Wo might thus expect to decide the question regaidmg* a con- 
nexion between these three branches, for if solar observations and 
those of terrestrial magnetism and meteorology all exhibit a series 
of inequalities that are 'essentially the same in each, it is impossible 
to call in question the reality of some connexion between them. 

2. The researches of Broun, Hornstem, Buys Ballot, Baxendell, 
and others have indicated the probable existence of inequalities m 
magnetism and meteorology, with periods of comparatively short 
length. Messrs. De la Bue, Stewart, and Loewy have likewise 
observed indications of a short-period fluctuation in sun-spots ; but 
1 am not aware that any systematic attempt has yet been made to 
ascertain with great precision the exact period or periods of unknown 
inequalities either in terrestrial or in sun-spot observations. 

3. Iti order to illustrate this method of detecting inequalities let 
us begin by taking a well-known case. 

Suppose that we had in our possession extensive records of the 
temperature of the Earth’s atmosphere at some one place in middle 
latitudes, and that, independently of astronomical knowledge, we 
were to make use of these for the purpose of investigating the 
natural inequalities of terrestrial temperature. We should begin 
by grouping the observations according to various periods taken, 
say, at small but definite time-intervals from each other. IsTow, if 
our series of observations were sufficiently extensive, and if some 
one of our various groupings together of this series should corre- 
spond to a real inequality, we should expect it to exhibit a well- 
defined and prominent fluctuation, whose departures above and 
below the mean should be of considerable amount Suppose, for 
instance, that we have 24 points m our series, and that we group a 


* A description of this method has been Riven by the author m conjunction with 
Mr, Dodgson in a preliminary Repoit to this Committee, and m a second Report the 
method has been applied to terrestnal magnetism and metcoiology. (bee Fro it a, 
May 20, 1870, and Nov 20, 1879.) The progress of the subject since these preliminary 
Reports renders it desirable to recast their sli ipo as well as to add other matter This 
is done m the present communication 
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long series of temperature observations in rows of 24 each, the 
time -distance between two contiguous members of one row being 
one hour The series would thus represent the mean solar day, and 
we should without doubt obtain from a final summation of our rows 
a result exhibiting a prominent temperature fluctuation of a well- 
defined character, which we might measure (as long as we keep to 
24 points) by simply adding together all the departures of its 
various points from the mean, whether these points lie abovo or 
below; in fine, by obtaining* the area of the curve which is the 
graphical representation of the inequality above and below the line 
of abscissae taken to represent the mean of all the points Suppose 
next that, still keeping to rows of 24, wo should make the tune- 
interval between two contiguous members of a row somewhat 
different from one hour, whether greater or less, wo should now m 
either case obtain a result exhibiting, when measured as above, a 
much smaller inequality than that given when the interval was 
exactly one hour; and it is even possible that, if our scries of 
observations were sufficiently extensive, we should obtain hardly 
any traces of an inequality whatever. In fine, when each row 
accurately represented a solar day, the result would bo an inequality 
of large amount, hut when each row represented a period either 
slightly less or greater than a day, the result would be an inequality 
of small amount 

4. This process, as far as 1 have described it, is not new, having 
been already used by Baxciidell, and probably by other observers of 
stellar variability In the present case we should by its means, 
after bestowing enormous labour m variously grouping m accordance 
with a great number of periods taken at small intervals from each 
other, obtain definite l’esnlts These might he graphically repre- 
sented m the following manner. The hue of abscissa) might bo 
taken to denote the exact values of the various pciiods, forming a 
time-scale m fact ; while the ordinates might represent the areas or 
summations obtained as above by employing theso various periods 
There would thus be in the case now used for illustration a very 
prominent peak, corresponding to 24 hours, which would fall oil* 
very rapidly on either side 

In this particular instance, having obtained as a result a period 
of exactly 24 hours, there would probably be no occasion to do any- 
thing more, because wc have no reason to suppose the existence of 
any other temperature period very near to 24 hours m addition to 
the one exactly corresponding thereto 

¥e might, therefore, proceed finally to evaluato the obtained 
inequality, which would represent the mean daily variation of 
temperature 

f> It would be different, however, should there prove to he a 
number of inequalities having periods very close to one another on 
the time-scale. In this case, even when we had obtained a graphical 
representation of our results in the manner just now mentioned, it 
might bo supposed that the various inequalities to some extent 
interfered with each other, affecting not only the position m the 
time- scale of the points of maximum inequality, hut also the extont 
of range and the form of theso inequalities. We should therefore 
have next to eliminate the effect of one inequality -upon another. 

The whole process would thus consist of two parts. In the first 
place, by enormous labour, we should have to obtain a graphical 
result showing the exact positions in the time-scale of the points of 
observed maximum inequality. We should then have to eliminate 
the effect of the various inequalities upon each other, provided it 


|>c Olind that there arc several aaeh inequalities very close together 
JV l’^ont appendix a method is exhibited by which the great 
Inborn ol the first ot these two processes is materially abridged 

(» Lot us begin by making use of certain records of the Kew 
Observatory , which liavo boon received through the kindness of the 
ivcw Committee. Tn these the daily ranges of the magnetic deck! 
nation arc given after excluding disturbed observations by the 
process ol Sir E Salnno. The daily ranges are given m inches, and 
tliey denote the dilloronccs between the greatest and least values of 
cadi day a hourly tabulations from the curve of the self-reeordxno- 
lnslriiment, disburhanecs, as already mentioned, being exclnclecf. 
iliesc records extend from the beginning of 1858 to the end of 1873* 
oml >1*5101 1 ig in all iG years’ observations. 

7. Lot ns next group these Kew declination ranges in such a 
manner as to represent a period of 24 25 days It is unnecessary 
to describe the details ol the method by which a series of daily 
observ aLions may lie grouped so as to represent a period that is not 
an exact number of days; suffice it to say that a long series of 
upwards oi 2 1-0 rows is at length obtained, each embracing 24 hori- 
zontal figures. Nor is it necessary to give the reason which induced 
the selection of the precise period of 24*25 days, since for all practical 
purposes tins may bo regarded as a period chosen at random. 

Having grouped the whole 16 years’ observations according to 
tins period, let us next break up these into yearly sets. Each of 
these sets will thus bo freed from the mfluonce of the well-known 
annual inequality of declination range. 

These yearly sets will embrace generally 15 but sometimes 
16 rows of 24 each. 


The next operation is to sum up those 15 or 16 sets for each of 
(lie 2I« vortical columns. It might naturally be supposed that wo 
should then divide each of the sums so obtained by 15 or 16, as the 
case may he, and then find the difference of each of the 24 quotients 
from Uio mean ol all the quotients, such differences, when placed 
together, representing the inequality for that year. 

There appears, however, reason to believe that on those occasions 
“when fdio daily range of the decimation magnet is greatest the 
variations of this daily range are likewise greatest and possibly m 
nearly the same proportion. It is Lhus probably safer to adopt the 
following plan with respect to the yearly results ; namely, to regard 
the mean of the 24 sums for each year as equal to 1,000, and to 
represent each individual sum upon tins proportional scale 

8. Adopting this plan (he yearly inequality is, therefore, repre- 
sented by the senes made up ol the differences of each of the 
2t proportionally reduced sums from this normal value (1,000) 

As it is desirable to represent each yearly inequality by means of 
a curve, this series of differences has been to some extent smoothed 
oi’ canalised. The primary senes (A) has been converted into 
another series (B), also of 24 sums, each sum of (Bj being the mean 
of four consecutive sums of (A), and the scries (B) has then been 
converted by a similar process into a series (0), each sum of which 
is a menu of four consecutive sums of (B). .This amount of equali- 
sation, by getting ml of what may bo termed accidental fluctuation, 
is < jin to sufficient to enable a curve to be drawn, well representing 
each yearly inequality. The equalised yearly inequalities corre* 
spoiul'mg to the period 24*25 days are represented m Table I. 


Table I.— Equalised Yearly Inequalities of K ew Dedication-range corresponding to period 24 25 days 
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0. A glance at the sums of this table for the whole 16 years will 
suffice to show that 24*25 clays do not correspond to the exact period 
ol any marked inequality. The sums are small, and we conclude 
therefore that we have not been fortunate m our chance selection of 
a period to begin with , but the peculiarity of this method is, that 
it will enable us to ascertain tho true position m the time-scale of 
the neighbouring prominent inequalities by means of the results of 
liable I. . Tho method of doing this can easily be rendered evident 
Kacli horizontal row of Table! consists of 21 numbers, and there 
are 1 (5 years, beginning with 1858. Wc may, therefore, call the 
numbers of* tho first voyr (0) M , (l) r>s , (2) 5 „ &c.* (23) ss , those of the 
second row (0) 3 «„ (!),,» (2)„„, &c., (23) lV „ and so on for each row. 

In tins table, therefore, each vertical column consists of similar 
numbers for the various years, adopting the notation now men- 
tioned. 

►Suppose, however, that wo displace these values as follows . — 


1858 . 

• (0),H 

(!).,« (2)* • 

• (2«» 

(22) jS 

(23) 5s 

1859 . 

• (1)» 

(2)* 

• <aa)» 

$3)59 

(0)* 

1869 . 


(3)t» (4)i,o • 

• ( 23 )« 

( 0 )go 

l)o. 

187;; . 


116) 7 , (17)73 ’ 

• '112)7!. 

( 13 );, 

(14)73' 


ISTow, if we add up the various vertical columns of this series the 
sums will represent an inequality somewhat larger in period than 
*21*25 days. If or it is manifest that if we have a regular series of 

waves whose \ alues we plot numerically after the manner of Table I., 
the consequence ol adopting too small a tnno-scalo will be to throw 
any salient pomt of the wave, such as the crest, always further and 
further to the right, and to correct this we should have to pull the 
whole series a little to the left each tunc Now, this is precisely 
wlmt wo have done m the above process, which will thus give us tho 
representation of an inequality of a larger period than 24 25 days. 
It is easy to find the exact length of period which the above series 
represents. We pull everything to the left nearly one day, but 
more accurately the 24th part of 24*25 days in one year. If, there- 
24*25 

lore, 365*25 days gno what will 24 25 days give? We find 


from 


this proportion that the period of the inequality indi- 
1 1 (24 25)- 


rated by performing tlus above process is 24 25 + 241^365*25 

- 24*317 clays. Again, wo may pull things to the left two, three, . 
or four divisions each year, and thus obtain the i epresentation ot 
inequalities with periods of 24*384, 24 451, or 24*518 days 

Or wo may perform the opposite operation of pushing things to 
the right one division each year, and thus obtain the representation 
of an inequality, having a period of 24*183 days, while 2, 3, or 4 such 
divisions each } car would give us periods of 24116, 24 049, or 
23*982 days. 

10. It has boon found necessary to push thing’s not merely by the 
multiple of a whole division, right or left each year, but by the 
multiple of half a division. 

To accomplish this wo must obtain for every alternate year a 
scries of half-way points, which is best done by converting tno series 
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of suck years into curves, and using these to givo ub the hall-way 
points. 

For instance, should we wish to pull things to the leit half 
a division each year, wo should adopt the following arrange- 
ment : — 

1858 . . (0»„ (lfe Pi)* . • PU)„ 133 V)m (23i),„ 

1859 . . (1 ) w (2 )„ (3 )* . . (22 )„ (23 ) 3 „ ( 0 ),„ 

1860 . . (li) w Pi) w (3J) WJ . . (22 2)00 (23 1 J )„„ ( 0i) w , 

1861 . . (2 ) u (3 ) fll (4 ),„ . (23 )„, ( 0 ),„ ( 1 )„, 


11. Tho following plan lias Loon found very useful in abndgiuy 
tlio labour of these reductions. 

Sixteen perfectly similar stups of thick paper are taken, one for 
each 3 ear. Each of these strips is divided mto 48 small compart- 
ments, a vertical black line being ruled at the beginning, the middle, 
and tho end. Upon the first of those strips the inequality, say foi* 
1858, is written in duplicate, so that the second 21 < figures n,ro a 
repetition of the first. The same is done for tho other > ears These 
strips arc then attached to a frame winch allows them to slide along 
with regard to each other, and at the same tune onl> exposes 
24 lines of figures at a time. By this method they can easily bo 
arranged according to any given ordor, and tho sums made witli 
very little trouble. 

It is further desirable to exhibit all tho positive values, say, in 
black, and all tho negative values m red, so that the eye may easily 
distinguish between them. 

Tho following will exhibit the nature of the arrangement, only to 
cave space I take an inequality consisting of only four terms. 





(0)* 

0)« 

P>- 

(8)„s 

(0)„s 

0)« 



(0)o*> 

(l)e» 

(2) vi 

(%•> 

(<>),. i 

on 

P)„ 


(0)«, 

(l)oo 

('2)(,« 

(3) i.o 

J (0)wi 

(1)60 

(2) 60 

(tyoo 

(b)i>i 

(1)61 

P)« 

(3).! 

(0)ci 

(l)oi 

(2)oi 

(3)m 

r 


Tho vertical portion between tho brackets is hero nil that is 
exposed. 

12. Before concluding this description it ought to bo remarked 
that the method can only he considered as correct for periods not 
lar removed on either side from that for which tho series was origi- 
nally framed. Thus, in the present instance, wlnlo tho results of 
Table 1. will readily indicate inequalities that lio six di visions 
(of 0’067 day each) either to the right or left of tho normal series, it 
is apparent that + 12 divisions from tho normal must necessarily 
exhibit the same result as — 12 j it will not therefore do to push the 
method nearly so far. 

18. When this method is applied to Tablo I. wo obtain the fol- 
lowing results : — 
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Table II.— Exhibiting the results of the above method applied to 
the numbers of Table 1. 


Divisions iroin 


Exact period 


54-1 

o 

1 

normal. 


in days. 


inequality . 

—8*0 

- 

237133 


1438 

-7’5 

- 

23 7469 


1757 

-7 0 

- 

23*7804 


1546 

— 0 5 

- 

23*8140 


1047 

-6*0 

- 

23 8475 


- 1698 

—5*5 

- 

23-8810 


1141 

-5 0 

- 

23 9146 


1002 

-4 r> 

- 

23-9481 


2009 

- b0 

- 

23 9817 


2954 

-3 5 

- 

24*0152 


3109 

-3*0 

- 

24-0487 


2504 

-2 5 

- 

24-0823 

- 

1289 

-2*0 

- 

24-1158 


1068 

—1*5 

- 

24*1494 


1473 

-1 0 

- 

24*1829 


1700 

-0*5 

- 

24*2165 

_ 

1513 

Normal - 

- 

24 2500 


1162 

4-0*5 

. 

24 2835 


1115 

+ 1*0 

- 

24 3171 


1398 

+ 15 

- 

24*3506 

. 

867 

+2’0 

- 

24 3842 

- 

1062 


14. Tho results of Table IT. are exhibited graphically by means of 
a cnr\e m Fig. I., which accompanies this paper.* 

In tins curve the abscissa) denote periods, while the ordinates 
represent corresponding inequalities. It will be noticed that we 
have indications of several maximum points, more especially of one 
corresponding very nearly to 24 days. 

This has induced us to make a new series for 24 days in addition 
to 1 ho one for 2125 days, tho construction of which we have 
already described. Both have been treated m precisely the same 
manner. 

Tho results of this scries are given in Table III. 


* This curve goes somewhat beyond tho limits of the table. 


Table HE. — Equalised Yearly Inequalities of Kew Decimation-range corre&iionding to period 24*00 days. 
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15. When the method is applied to Table III 
lowing results 


, we obtain the fol- 


Table IV. — Exhibiting the results of the above method applied 
to tho numbers of Table III. 


Divisions from 
normal. 

-7 5 
-7*0 
-6 5 
-6 0 
-5*5 
-5 0 
-4 5 
-4*0 
-3-5 
-3*0 
—2*5 
— 2*0 
-1*5 
-10 
-0*5 
.Normal 
4-0*5 
4-1*0 
+1*5 
+2*0 
+ 2 5 
+3 0 
+3*5 
+ 40 
+4 5 
+ 5*0 
+ 5*5 
+ 60 


Exact period 
in days. 

23*5072 
23 5400 
23 5729 
23*6057 
23 6386 
23 6715 
23*7043 
23*7372 
23*7700 
23*8029 
23*8357 
23 8686 
23*9014 
23 9343 

23 9671 
24*0000 
24*0329 
24*0657 

24 0986 
24*1314 
24*1643 
24*1971 
24*2300 
24 2628 
24*2957 
24*3285 
24*3614 
24 3943 


Magnitude of 
inequality. 

1310 

1280 

2568 

2710 

2128 

1070 

674 

1260 

1500 

922 

1394 

1976 

1096 

1754 

2464 

3364 

2960 

1974 

1082 

1548 

2174 

2160 

1664 

1278 

1570 

1456 

951 

1110 


16. Tho results of Table IV. are exhibited graphically by means 

of a curve in Fig. II 1 , 

lb will at once bo seen by comparing together the two curves 
(Fifits. I aiul II.) that they both exhibit as nearly as possible the 
same positions for maximum inequalities. Thus, by selecting at 
random tho period 24*25 days, we are by this method referred to 
nearly the true positions of the various maximum inequalities. 

Before proceeding further it ought to be stated that the above 
series of observations of the Kew Decimation Range has been given 
rather as having been that first employed for illustrating the method 
than as pretending to represent the best clement to be discussed 
from a scientific point of view. Having employed this series to 
explain tho details of the mothod, it has served its purpose, and 
wo now proceed, to apply the method to observations of sun-spots. 

17. For this purpose, let us take daily values of total sun-spot 
areas and commence with Schwabe’s observations which are re- 
corded in Appendix B. These extend from 1832 to 1853 inclusive. 
From 1854 to 1860 inclusive wo have for the same purpose Oamng- 


♦ This curve goes somewhat beyond tho limits of the table 
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ton’s more accurate observations, for 1861 wo Liave to fall back once 
more upon Schwab c, while from 1862 to 1867 inclusive we have the 
Ivew series of observations. These various senes form, when put 
together, one whole series of 36 years. In many cases, owing to 
bad weather, there are gaps between consecutive observations — let 
ns fill up such by the simplest possible form of interpolation One 
advantage of this application of the method will be that, provided 
we obtain good results with these 36 years, it will not merely prove 
the value of the method, but also of the sun-spot catalogues to 
which it has been applied, and, as 23 out of these* 36 years are 
deduced from Schwa he’s observations, the result of a successful 
application of the method to these will indicate the general trust- 
worthiness of the numbers derived from Schwabo’s pictures win cl i 
are recorded m Appendix B. These 36 years’ observations when 
the blanks arc filled up by interpolation give us then* lore one long 
series of more or less trustworthy daily records of* the total area of 
spots on the sun’s visible disc, the unit of measurement being* H lo 
one millionth of the sun’s visible hemisphere. 

Of this series, the first 22 years’ observations are, as above men- 
tioned, recorded m Appendix 13., the results from 1851 to I860 
inclusive, derived from Carrington’s observations, have been pub- 
lished by Messrs. De La Euc, Stewart, and Locwy In a private 
memoir, those for 1861, derived from Schwabc, arc again published 
in Appendix 33 , while those derived from the Kcw series from 1862 
to 1866 inclusive may be found m the transactions of the Hoval 
Society for April 30, 1868, and March 10, 1870. 

18. Let us now m the next place group together those sun-spot 
observations in senes of 21 days after the manner already described ; 
also for the purpose of comparison with similar series ui magnetism 
and meteorology which have been communicated by tins Committee 
to the Loyal Society, let us so arrange our sets of 2d daily values 
that one of them shall begin with January 1st, 1858. 

Let this long table so arranged be next split up into separate 
years. A year will thus contain generally 15, but ocean ion ally 
16 lines of 24 places each, that is to say, it will consist of 3 5 or 
sometimes 16 horizontal rows under one another, the number of 
places m each horizontal row being always 24. The sums of each 
of the 21 vertical columns for each year are next taken. 

We have thus for each year a senes of 24 sums. J3ut it will at 
once be seen that these sums will be greater m years of maximum 
than m years of minimun sun-spots, so that to use them as they 
stand would virtually mean to give great weight to years of maxi- 
mum as compared with years of minimum sun-spots in our search 
for inecpialities. 

We have endeavoured to overcome this difliculty in the manner 
already described m Art. 7. Indeed, if sun-spot observations bo 
put into a graphical form, it will at once be seen that whenever the 
total sun-spot area is great, the oscillations of this or ranges of sun- 
spot inequalities are great also, so that these ranges may, as a first 
approximation at least, he deemed to be proportional to the general 
sun-spot activity. In other words, the oscillations of area are nearly 
proportional to the area. We have therefore taken the above- 
mentioned 24 numbers for every year, and proportionally altered 
each, so that the sum of the 24 shall for oach year be equal to 
24,000. Each sum for each year should therefore be equal to 1,000, 
provided it be not subject to the mfiuonce of some inequality. If, 
however, there be a 24 day inequality, some of these values will be 
larger and others smaller than 1,000, and it is their dilferencos from 
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1,000 that are recorded with plus and minus signs in the following 
table, which is in this respect identical with Tables I. and III. 
Before exhibiting this table it will be necessary to make two 
remarks. In the first place, in certain minimnm years the obser- 
vations which exhibit sun-spots are sometimes too unfrequent to 
render the year tabulated as above in rows of 24 a trustworthy 
representative of the inequalities we are in search of. In such cases 
we have taken in addition, half a year on each side of the minimum 
year, so that we have thus the mean of two years instead of one, 
the central point of the series, however, being as before the middle 
of the minimum year. 

This treatment has been applied to years 1833, 1844, 1855, and 
1856. 

It is also necessary to remark that it has not been deemed neces- 
sary to apply the equalisation described m Art. 8 to these sun-spot 
observations ; but with this exception, the process already described 
has been exactly followed in obtaining Table Y . 

Table YI. has then been deduced from Table Y. in the manner in 
which 'fable II. has been deduced from Table I. 

The results of Table YI. are graphically represented in the 
diagram which accompanies this paper, Fig. III. 


ft 



Table V. — Unequalised Yearly Inequalities of Sun-spots corresponding to period 24*00 days 
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Table VI — Exhibiting the result* of the above method to 

Tables V 

•Ma"iii< u< b' 'd 
inequality 


Divisions from 
normal. 

—7*0 


Exact pci tod. 
in diqs. 

23 5100 



(sum for •" 
M .irs) 

2;;r.c>4 

-6 5 


23 5720 

- 

- 

i:;27i 

-6 0 


23 6057 

- 


:«i !•<><! 

-5 5 

_ 

23 6386 

- 

- 

(I* »! lb 

-5*0 

_ 

23 6715 

- 

- 

ir>s:;o 

-4 5 

, 

23 701-3 

- 

- 

1 |n?7 

-4 0 

_ 

23> 7372 

- 

- 

;);>«(> 

-3 5 


23 7700 

* 

- 

2 ;?:? 17 

-3 0 


23 8029 

- 

- 

11070 

-2 5 

_ 

23 8357 


- 

'iJ.OOO 

-2 0 


23 8686 

. 

- 

1(>:518 

—1*5 

_ 

23 9014 

. 

- 

17021 

-1*0 


23 9313 

- 

. 

22812 

-0 5 


23 9671 

_ 

- 

28200 

00 


24 0000 

M 

- 

26200 

+0*5 

- 

24 0329 


- 

20200 

+1*0 

- 

24*0657 

- 

- 

21-11 * * 

+1*5 

- 

24*0986 

- 

- 

270-10 

+2 0 

» 

24*1314 

- 

- 

1 lbOS 

+2*5 


241643 

- 

- 

17000 

+30 

- 

24*1971 

- 

- 

32*2325 

+3*5 


24 2300 

- 

- 

2HK>1 

+4 0 

- 

24 2628 

- 

- 

20898 

+4 5 

_ 

24 2957 

. 

- 

24280 

+ 50 


24*3285 

- 

- 

3388 t 

+ 5*5 

. 

24 3614 

. 

- 

22 1 1 5 

+6*0 

„ 

24*3943 

- 

- 

20390 

+ 6*5 

„ 

24 4271 

- 

- 

26f»03 

+7*0 

- 

24*4600 

- 


30018 


19. From Table VI. it will be seen tliat there are evidences of at 
least 10 inequalities within the narrow time limits embraced by it. 
Thus these inequalities seem to be much crowded up together, and 
m eertam regions it maybe questioned whether there am* sufficient 
points to enable ns to represent the true progress by means of a 
curve, and thus to detect all the inequalities there present. ^ A^ain, 
even m those cases where the inequality may be clearly ind mated 
by such a curve, it may 1)0 so iuttuonceil by other inequu li tie.s near 
it in the time-scale that 36 years may not be sufficient, to Hoar it 
from such mlluencos, and wo may ‘thus have to resort, to some 
method of elimination in order to do so. 

20. With the view of exhibiting such a process let um fake that 
inequality very near 24 days, and let us increase the* number of 
points of our curve by obtaining values for every twelfth of a 
division on either side of 24 days. Referring to the met hod already 
described by which we slide the various yearly strips in a, frame 
(Art. 11), we may by its means very easily obtain points tor every 
v of a division. For we may keep the slips of the first four years 
at the same phase, then slide the next four so as to differ from the 
first four 1 one division; then slide the third four so as to differ 
from the second four one division, and so on. By this means we 
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shall, obtain values corresponding to a change of one division every 
four years, or 1th or f^th of a division each year with sufficient 
accuracy. 

Again, inasmuch as the whole 36 years have while deducing from 
them Table Y I. been split up for convenience into three series of 
1*2 years each, we may take any three such series and slide the 
second of these so as to differ one point in phase from the first, and 
the t hird so as to differ one point from the second, and thus obtain, 
by summing up, an inequality corresponding to a period which 
differs from that of the original inequality before being so treated 
by |Y th. of a division on either side. 

21. Performing this operation for the region round about 0‘0 we 
obtain as follows: — 


Table VXL — Exhibiting in detail the district on either side of 0*0 
(21 days) ^ 


Period. 

Magnitude. 

Period. 

Magnitude. 

12 

- 22812 

+tV - 

- 27208 

XX 

- 25104 

+Ta 

- 30326 

in 

- 26276 

+A - 

- 25923 

J>_ 

- 25580 

+tV ■ 

- 23802 


- 25396 

4* A 

- 20813 


- 23337 

+* - 

- 20265 

jf 

- 23205 

+A - 

- 17*245 

— ,Y1 

- 22457 

-I — li- 

il 2 

- 16949 



- 19322 

+A - 

- 17997 



- 14956 

+« ■ 

- 20939 

Yl 

- 15484 

+A ■ 

- 20354 

T 

- 26750 

- 

- 24116 

o 

T'a 

- 26390 

+ji 

l 12 

- 21364 


In this district, therefore, the maximum is at -bur* anc ^ ^ 
inequality which we now wish to represent after having cleared it 
from, the influence of neighbouring inequalities. Of these there are 
first of all three large but distant inequalities beyond the above 
district, the positions of which we may suppose to he given with 
sufficient precision by Table YI., namely, those at ff, an< f 
There are next inequalities at and +tJj which are 
peril aps sufficiently well indicated above in Table VII. There is 
also another inequality indicated by the above table, which, after 
eliminating the influence of its neighbour, is found to beat — x %. 
It thus appears that there are probably six inequalities, the effects 
of which ought to be eliminated from +x% 5 and these have the 

positions* — —Mb “i%> +Mb +ft* 

22. Let us now correct the inequality (+A) for the effects of 
these six neighbouring inequalities, taking the latter as they stand. 

It will be unnecessary to describe in detail the method of applying 
this correction. Suffice it to say that the influence of the neigh- 
bouring inequalities is obtained and algebraically deducted. 

When these corrections have been applied we get the followm 0 
result : — 

Period. Corrected magnitude. 


+tV 


- 29921 

- 32435 
. 30851 


N 2 



190 


It tins appears that after a Erst elimination the position of this 
inequality is not altered , „ ,, 

In the follow ing tablo we have recorded Ihc result oi the process 
of el imi nation not merely for the sum of tho wholo 36 years, but 
for every lour years, thus splitting up the wholo senes into nine 
sets, each of which is separately recorded in Table VIIL 

It ought here to he mentioned that not merely u.ablo y., but 
Table Till and all other tables in tins appendix exhibiting in- 
equalities, arc so arranged that tho sUtvtinf/ point or epoch, is 
January 1st, 1858, that is to say, the first member of oach inequality 
coiTesponds to January 1st, 1858. 


4 . 
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23. It will, we think, be acknowledged that in Table VII there 
are evident traces of ropotition which induce us to think Uiu-t the 
above method has been successful in representing a tv no wol.tr 
inequality. 

Lot us further apply the test described by U oiioru] Sinicin \y d'ro 
R S * May 31, 1877). In the first place, the menu difference the 
individual observations of Table VIII from tho moan of the vvhol© 
series is found with sufficient aocuracy by taking tho racutn of the 
various numbers m that table (216 m all) without respect ol‘ sign, 
inasmuch as tho mean of tho whole is according to our method 
equal to 0. 

Thi s moan difference is then found to bo = 2 18. 

In tlie noxfc place, the menu difference of the individual obser- 
vations from tho respective calculated four y oars’ moans shown in 
the last line of Table V HI. is found to be =194*. Tho diltcreiuv is, 
therefore, reduced in tlie proportion of 1 bo 0 78. 

It thus appeals that Lho supposed law of variation obtained as in 
Table VIII gives a decidedly closer approximation to tin* actual 
observations than is got by taking tho moan of tho whole as I he 
most probable value 

Tho mean inequality of Table VTU. is graphically represented ui 
Figure IV. of tho diagram which accompanies this paper 

24*. I have next subjected to similar treatment the region about 
-hi 2- "We thus obtain : — 


Table IX. — Exhibiting in detail the district around + , ,*“- 


Period. 

Magnitude of 


Magnitude of 

inequality 

Peiiod. 

inequality . 

“hi? - 

- 28601 

j_ r. 7 

- 22990 

-hi! - 

- 33205 


4-4 L 
” 12 

- 36452 

+ 73 - 

- 31278 

J- 4 r » 

“ 12 

- 36186 

+rj - 

- 33881* 

“+*!> - 

- 34348 

+\i - 

* - 302B2 

+ i; - 

- 28248 

J_ <i !? 

1 1 u 

- 3(5io;i 

+-[> - 

- 26888 

J_ <• < 

T u 

- 33480 

+a - 

- . 24966 


m • # • * 


- .... 

J_ 55 

1 XJ2 

- 22115 

+« - 

- 23077 


+ H - 

- 24272 

+15 I 

- 32184* 

+« - 

- 24588 

4_7_!2 

“r ia 

- 29090 

+« - 

- 22964 



lu this district let us take the inequality at ami cmleavoiu 
to eliminate from it the influence of neighbouring moo uu.li ties. 
Besides one at + JJj, which is sufficiently evident from Table V I , 
wo so© from Table LX. that there are inequalities at + -| it iul 

+ las so that it will bo necessary to eliminate the influence of* these 
four from the inequality at which wo wish to exhibit in a 
state of purity. 

25. When this has been done wo obtain tho following result 
Period. Coriected magnitude. 

+ ?2 - - 33897 

+ ?2 - - 34835 

+ 51 - - 34*535 
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The position of* the inequality is now therefore as nearly as 
possible at *4--}*], or at least nearer than +-$£. 

hi Table X. the results of this elimination are given as before for 
every four years. 

It will he acknowledged that in Table X. there are evident traces 
of repetition. 

Again (applying General Strachey’s test), the mean difference of 
t he individual observations of Table X. from the mean of the whole 
series is found to be 243, while their mean difference from the 
respective calculated four-years’ means is ftrand to be 192. The 
difference is therefore reduced in the proportion of 1 to 0*78. These 
tests arc thus in favour of the reality of the period given in 
Table X. 

The mean inequality of Table X. is graphically represented in 
Fig. Vi. of the diagram which accompanies this paper. 


Table X — Exhibiting Sun-spot Inequality (+i4), period 24*329 days for every four years from 1832 to 1867. 
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The result of the trial which lias now been made of this 
method has been, 1 think, to show firstly, that by its means we may 
succeed m delecting unknown inequalities in a senes of observa- 
tions, and, m'omUi/, that m all probability there are several such 
inequalities with periods near 24< days in sun-spot observations, 
whatever he tin* cause or causes of such. 

U ought to be stated that the results now exhibited arc not to be 
regarded a.s Inning reached their final state of accuracy, and this 
for two reasons 

l n t ho first place, if the Solar Physics Committee should ultimately 
brim* together and edit, all the good observations of sun-spots now 
extant, the series of original observations from which the results 
now recorded lime been derived would thus be rendered more 
complete and trust wm thy. 1 u the uoxl place, the method itself has 
only been earned to a, first stage of approximation; and indeed it 
Would have been undesirable to have attempted anything very 
laborious before having a final and complete series of trustworthy 
ob-er\ at ions on which to operate. 

The result* are therefore to be viewed as only approximations. 

‘27. 'The h \ pot basis of a. connexion between sun-spots and terres- . 
trial meteorology being still under debate, besides being one of 
•\reat scientific mteivst'as well as of possible practical importance, 
l ha ve applied the method now described in the hope that it may 
contribute towards a, solution of this pressing question 1 have 
* ,d,.rt< d the daily temperature range as that element which is most 
bkoh to exhibit the elfoets of solar variation, and Toronto as the 
|»».,t, locality inasmuch as American weather may, perhaps, be 
more directly mllueueed by the sun than Ituropcan wcathoi , which 
latter may be supposed to be iulluoneod not merely by the sun, but 
;d, n b\ I be passage of weather from America. 

t )v\ mg to the kindness of the Meteorological (Jouncil, ot the Ivew 
( hunimttee, and of Messrs Kingston and Oarpmael, the late and the 
present directors of Toronto Observatory, l nave obtained bo years 
of the diurnal temperature ranges tit Toronto, extending JVom the 
beginning ot 1H14 to the end ol 1879. 

qfim.e have been split up for convenience into three series of 12 
%rurs (k;ir h, the first and second of those being coterminous with the 
neeoud ami third of the 12 years’ series of solar observations. 
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These liavo been treated precisely m the way m which the solar 
observations have been treated, except that the equalisation indi- 
cated m Art 8 has been applied to the Toronto temperature ranges 
while it has not been applied to sun-spots. 

In Table XI we have a record of the yearly inoqualtios so 
obtained. 

28 Let us next make use of the procoding table to obtain in 
dotail, values indicating the positions of inequalities round about 
0 0 (24 days). We thus get the following result — 


Table XII. — Exhibiting in detail the district oil either side of 
0 0 (24 days). 


Period. 


Magnitude 

1 7 

1 2 

. 

_ 

6682 

1 h 

f 2 

- 

- 

7434 

1 5 

L 2 

- 

. 

7624 

1 1 

"l 2 

- 

- 

7136 

-n 

- 

- 

6618 

] -2 

1 2 

- 

- 

5766 

1 1 

1 2 

- 

- 

5086 

1 0 

1 2 

- 

- 

4828 

n 

1 2 

- 


4054 

h 
"L 2 

- 


3438 

7 

'l 2 

- 


2852 

t> 

1 2 

- 


3976 

f)_ 

1 2 

- 


5230 


- 


6460 

1 

1 2 

- 

- 

6366 

— 2 

1 2 

- 

. 

4546 

1 

12 

- 

- 

3498 


Period 

Magnitude 

,°2 - 

- 3742 

i 1 2 

- '4206 

+ A - 

- Id92 

+i\ - 

•• 4878 

+"Is " 

+ |“ S - 
+,v - 

- 4308 

- 4-752 

- 4932 

- 5718 

+ | S 3 • 

- 6602 

+ - 

- 0286 

+ !'.] - 

- 5516 

+ !i ■ 

- 4526 

+v; - 

- 3200 

4ii - 

- 19 M. 

+ - 

- 2330 

+ 13 ■ 

- 3082 

+ 13 ■ 

- 4458 

+ !’ - 

- 6118 

+ !$ • 

- 7132 

+-18 - 

- 7758 

4- v> . 

T i a 

- 81 L6 

4-2 1 
+ 12 

- 7506 


29. We see from this table that there are evidences of well marked 


inequalities at • 


.1 5 1 . 


4- *1 4_ s _j_ v o 

T ia> T i a » i i • 


Lot us take the ono noarcst 0*0, namely, that at 4 and elimi- 
nate from it the offeot of the others noted above. As it stunned 
evident that the temperature rosults could not bear to bo split up 
into sorioB of four years, 1 have confined myself, as far as they are 
concerned, to three sorios of 12 years each, and for this purpose it 
will not be noccssary to make the elimination so elaborate us in the 
caso of sun-spots, bo that we need not proceed beyoncl — \ T: on the 
ono side and + on tho otkor j that is to say, wo may coniine our- 
selves to the elimination above indicated. 


When this has boen made wo obtain the following result 


Period. 


Corrected Magnitude. 


“ * 41100 

-f-A- - - 4579 

+A - - 3791 
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From tins it will be seen that the position of tbe inequality is now 
shifted to -f -1 7 . As the present elimination is not so elaborate as 
that for sun-spots wc need not probably proceed further. 

30. If thus appears that there is a Toronto temperature range 

inequality corresponding m time scale to while there is a sun- 
spot inequality corresponding in time scale to This nearness 

in place is in favour of the hypothesis that the two inequalities are 
really identical in period, the terrestrial hemg probably caused by 
the celestial. 

31. Tjct us next endeavour to see how far these two correspond in 
type. For this purpose we have given the values of the two in- 
equalities for each 12 yearly series in Table XIII., and here, for 
temperature range as well as for sun-spots, the starting point is 
January 1st, 1858 ; that is to say, the first member of each inequality 
corresponds to that date. 



Table XIII. Comparing together the Sun-spot Inequality -J-y 2 *, and the Toronto Temperature Range Inequality -f-~> 

+ xi— 24*011 days (Sun-spots) 


200 



i 


t 


{' 


t 


L 
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32. The sun-spot inequality with period =24 011 days is repre- 
sented in Fig IV., and the Toronto temperature range inequality 
with period =24*022 days is represented in Fig. V. of the diagram 
which accompanies this Appendix. 

It -will be noticed that there is a very considerable resemblance 
between the corresponding sun-spot and temperature curves ; the 
latter lagging somewhat behind the former. 

Another point worthy of remark is the small range (as compared 
with that of sun-spots) of the temperature inequalities. This may, 
perhaps, be viewed in connexion with the well-known fact that the 
proportional terrestrial variations which accompany or follow varia- 
tions in sun-spots between years of maximum and minimum are 
much smaller than the proportional variations in the spots them- 
selves. 

It will likewise he noticed that in the three consecutive series of 
12 yearly temperature inequalities there are considerable signs of 
repetition, although this is not so marked as in the corresponding 
sun-spot numbers. 

Let us now apply General Strachey’s test to these 12 yearly series 
precisely m the way m which wc previously applied it to the sun- 
spot series of four years. 

By its means we find that, by assuming the supposed law of 
variation, the mean difference is proportionally reduced from l to 
0*56 in the case of the sun-spot inequality at while for the 
corresponding temperature inequality at +tV> ^ i 0 on ty reduced 
from 1 to 0*84. 

33. Let us next obtain in detail particulars of the region i*ound 
about +52. We get the following result •— 


Table XIY.— Exhibiting in detail the region on either 
side of +52- 


Period. 


Magnitude. Peiiod. 


Magnitude. 


++S 
+ Hi 

i i n 
' 1 2 

4. HI 

• 12 

_ 1 _ 1-7 
i 1 2 

4- l - H 

I 12 

+ :-s 

+« 

+ 51 
1~2 

+ ?! 


+ 11* 

1 2 

+ 5 5 
1 2 
JL IJl 
i 1 2 

4- r.j_ 
~ 1 2 


2178 

01 

12 

2658 

0 2 

1 2 

3546 

(1 2 

1 2 

4228 

0 ‘1 
12 

4734 

O 5 
12 

4656 

(\ (\ 

12 

4240 

a 7. 

1 2 

2672 

Q_H 

1 2 

2788 

0 0 
Ta 

2474 

7.0 

1 2 

4250 

u. 

1 2 

3160 

Vi 

1 2 

1740 

-7 J* 

1 2 

2580 

7.1' 

i a 

2880 

ZA 

12 

2542 

Z o 

L 2 

3724 

7 7. 

1 2 

5582 

l 2 


6800 
6682 
6458 
6146 
6322 
5940 
5208 
4166 
3202 
2736 
3586 
4252 . 
4114 
4714 
4606 
4890 
5116 
5068 


34. We see from this table that there are evidences of well marked 
inequalities at +{&, + Hb + J f»- 
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Lei us select that art +'£*]» and eliminate from it the elloct cvf t.li o 
others noted above in the samo way as described m Art. 20. Vv hou 
this has been done wo obtain the following result — 

Period. Corrected Magnitude. 



+» 


5973 

7019 

(5677 


It thus appears that the position of the inequality is not altered. 
We may compare this inequality with the sun-spot met puility which 
showed itself at + }■§■ or between +52 au< l -hVi* r fhis comparison 
is made in the following table . — 
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12 years’ )| U +79+148+142 +73 
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35 The mean sun-spot and temperature inequalities having 
periods of 24*329 and 24 334 days are represented in Figs. VI. and 
VII. of the diagram which accompanies this Appendix. 

It will be noticed that there is a very considerable resemblance 
between these two curves; the latter probably lagging slightly^ 
behind the former We have to repeat the observation made in 
Art 32 regarding the comparative smallness of the rango ol tho 
temperature inequality as compared with that of sun-spots. 

It will likewise be noticed that m the three consecutive scries of 
twelve-year temperature inequalities there are considerable signs of 
repetition, although this is not so marked as in the corresponding 

sun-spot numbers. . 

Let ns now apply General Strachey s test to these series m tho 
same way in which it was applied in Art. 32. By its means we find 
that, assuming the supposed law of variation, the mean difference 
is proportionally reduced from 1 to 0 38 m the case of the sun-spot 
inequality, while for the corresponding temperature inequality it m 
only reduced from 1 to 0*54. 

3G. In the course of this paper 1 have given evidence which tends 
to show that there are m all probability solar variations of short 
period, and that these are connected with variations of temperature 
range, Toronto was chosen as a station from which accurate in- 
formation with regard to temperature was to ho obtained, and also 
as one which, being m America, maybe supposed to bo influenced 
more directly and immediately by solar changes than an equally good 
station in Europe 

Nevertheless, Toronto is not the only station from which wo may 
obtain results exhibiting relations between atmospheric temperature 
and solar changes. And m a paper communicated to the ItoyaL 
Society on November 20, 1879, it is shown that we have traces of an 
inequality having a period very near 24 days m the temperature 
range of Kew and Utrecht, as well as in tho magnetic decimation 
range of Kew, Prague, and Trevandrmn. In fine, this inequality 
appears wherever it has been sought for. In tho same paper evi- 
dence has been adduced to show that the phase of a given meteor- 
ological inequality is not the same at the various stations, but that 
the maximum or any other salient point reaches Kew about eight 
days after it has appeared in Toronto and UtrecbL about a day and 
a half after it has appeared m Kew. A similar progress from west 
to east, but only quicker, is suspected m the case of what may bo 
termed magnetic weather 

37. It becomes a point of interest, therefore, to ascertain with an 
much accuracy as possible the relations as regards phase between 
solar inequalities and corresponding temperature range inequalities 
at Toronto. We wish to know whether the latter lag behind the 
former, and if so, to what extent ? This may he ascertained in tho 
following manner. Any. one of the numbers m Table VI. is the sum 
of the 24 terms of an inequality which have been added together 
without respect of sign. Thus the number corresponding to 0 0 or 
24*00 days is 26,390 ; and there are 29 sucli numbers in all, extend- 
ing from —7 0 to +7*0. 

During the investigation a similar table was prepared for the 
Toronto temperature range, hut it was thought unnecessary to give 
this table m the text. This tabic like the former consists of 29 
numbers, extending from —70 to +7*0, each of which represents 
the sum of the 24 terms of an inequality added together without 
respect of sign. 
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There are 24 years of observations common to both these tables 
and m what follows we shall confine ourselves to these 24 years. 
They are the years from 1844 to 18G7 inclusive 
It has been remarked in Art 02 that the range of the solar 
inequalities is much greater than that of the temperature inequali- 
ties ; and I have Found that in order to reduce both sets to nearly 
the same range it will be necessary to divide each term of each solar 
inequality hy 3 G55 Let us perform this division for the various 
24 years’ solar inequalities which wo now wish to compare with the 
corresponding 24 years’ temperature range inequalities We thus 
give both sots very nearly the same range. 

38 Wo have next to decido whether tho various phases of these 
inequalities prepared for comparison m tho above manner occur 
in tho sun before they occur m Toronto, and if so, how long 

before ? , T( , ,, 

This may bo ascertained m the following manner. 1J we add 
together algebraically as they stand a solar inequality and a corre- 
sponding Toronto inequality, say for instance, the one at 0‘0, it does 
not follow that we shall obtain an inequality the sum of whose terms 
shall he equal to the sum of the 48 numbers added Logothor without 
respect of sign. For tho two inequalities even if precisely tho same 
m typo, may not have thoir corresponding phases occurring together. 
The signs of the numbors which we add together algohrai rally may 
therefore sometimos ho different, and wo shall then have to subtract 
the one from the other . . 

It thns appears that if there be a want of simultaneity of phase 
in two such inequalities, the algebraic addition together of the two 
will give a result less than the sum (without reference Lo signs) of 
the 48 terms. And this falling ojf will bo greater tho greater the 
want of correspondence m phase. 

Let us now add Logetlior algebraically the various solar inequali- 
ties (29 m all) each with tho corresponding Toronto inequality, 
under tho supposition that the phases arc simultaneous in tho sun 
and at Toronto Wo thns get a scries of 29 inequalities representing 
the united result of tho two. Lot us then add togothor the various 
numbers of this series Let us next, on tho supposition that a solar 
phase occurs three days beforo a corresponding ono at Toronto, 
rectify this by pushing each Toronto inequality threo divisions to 
the left before adding it to tho corresponding solar inequality. Wo 
obtain by this means as before a scries of 29 inequalities. Lot us 
then add together tho various numbers of this series. 

39. Jn the following table wo have exhibited the results obtained 
by this method of treatmont. 

Table XVI. 


Algebraic sum of Solar and Toronto Inequalities:— 

Sun and Toronto (together) - ** 

Sun and (Toronto pushed 1 division to left) 

Sun and (Toronto pushed 2 divisions to loft) 

Sun and (Toronto pushed 3 divisions to left) 

Sun and (Toronto pushed 4 divisions to left) 

Sun and (Toronto pushed 5 divisions to loft) 


= 179285 
= 186257 
= 182402 
= 181714 
= 179447 
= 176920 


It thus appears that we get the greatest sum, and consequently 
the nearest approach to similarity of phase, when we push Toronto 
to the loft between one and two divisions. In other words, 

o 2 



200 


Toronto phases la# behind similar solar phases botwoon one and 

two days. ... 

- 1 , 0 . One remark before concluding, [he evidence heroin given, 
tends not only to show that solar variations of sliorL period exist, 
but to rciul or it possible if not probable that they are the causes of 
temperatures range periods ol similar length in such a vv ay that a, 
maximum amount of spots corresponds to a maximum and not to 
a minimum temperature range, or m other words, denotes m 
all probability an accession of solar energy and not a duuimilion 
thereof. 

If it he said that such evidence is not yet absolulely eomdiudyo, 
it may bo replied that the aim of the writer has solely been lo in- 
troduce tins subject as one upon which labour and thought may 
advantageously be expended. 

Jt is because the subject is not final!) settled lbai mieh labour and 
thought are particularly 1 called for And the writer will he KiU islitnl 
if it he acknowledged that we have here a hopelui opening for in- 
vest! gall on, whether we regard tin* subject as 01m ol scientific in- 
terest or as one of possible practical importance. 

In conclusion, fche writer desires h> aekuow !< d"'e with thanks i ] 10 
assistance he* has derived Irom iMr. Dudgeon m the compilation and 
revision of this paper. 


AIM’MNDIX II. 


VAPKRfl (JOTSTNWOTWI) WITH Til 1*3 M MASH KMbM MNT 
OF SOliAH ItADlATION. 

DESCRIPTION OF AN INSTRUMENT FOU !\I KAMI’S 1 Mi COSMina; V HU \T10XS 

XX THE Sun’s DIRECT I J KAT. Ih PROFESSOR IhUroDR H'lKWVUT.* 

Notwithstanding all that 1 ms been done in Solar Physics, we have 
as yet no definite and direct information on the fundamental ques- 
tion of the variability of the sun’s heat. Wo are aware of the 
existence of certain changes in the appearance of the solar disc, 
which arc approximately periodical, ami we have some reason for 
behoving that Mioho changes indicate most probably the combined 
results of several long period inequalities on the one hand, and of 
several short period inequalities on the other; hut we are not at 
present m a condition to loll from direct, observations with an 
acitinometer whether a largo amount of sun spots is accompanied by 
an increase or by a, diminution in the sun’s direct heat, or, indeed, 
whether sun spots have any perceptible accompaniment of this 
kind. There are two diilleultioH in the way of our obtaining this 
information. 

The one is caused by the variability in the constituents of t ho 
earth’s atmosphere, which form, as it were, a, blind or medium of 
over varying opacity, through which wo are forced to view the sun. 
Th is source of uncertainty can never be entirely overcome, but it 
maybe reduced to a minimum by our making our observations at 
appropriate stations of high elevation, and thereby removing the 
effect of the lower and grosser strata of the atmosphere. 


* A description of this instrument first. nppi*nr«sl in fhe I Weoctuu'M.f I hr .M.inchisler 
Iiilcwnj .mu ChilosoRluml Society, Session IS75 7 <i. 
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Lhe other difficulty is of an instrumental nature Actinomo k° rH ; 
* lyHlruincnts lor measuring the sun’s direct heat, are made iiS° °* 
(he following manner:— 

, il \ Vkwu the instrument is sheltered from the sun, ^ ni ^ J 

i ^ 10 G ear sky, say for five minutes Let the heat so l c >^' 
e termed r Hecutidli/, the instrument is turned to the suix * <)r 
e muiuLes Let the heat so gamed be termed E. Thirdly* 
eauiuent, being now hotter than it was m the first operatic i * * JW 
nu'( oi ico more so as to be exposed to the clear sky for 
mini os jvlulc it is shielded from the sun. Let the heat so loS^ 
termed r . 

ft thus appears that r denotes the heat lost by convoctiou SLU( 1 
i at ia -ion united when the instrument, before being heated by hho 
M UI * * i 1H , * or live minutes to the cdoar sky, while r den-oia's 
i ic mat lost by these same two operations by a similar cxpoH^n'ii 
'! ! n 10 lns tn i, nent lias been heated by the sun; and it is as six i ** l ‘d 
^ lat tiie lioat lost IVoin these two causes during the time when ddie 
ins .rumen t is being heated by the sun will be a mean between r s^id 
i ’ JU !,i 1 T U ^ lc wbole eilect of the sun’s ra 3 r s will be in roi*^ 1 


-Mow, although this assumption may, in the average of a pp’oa 
number ol observations represent the truth, yet m many mdiviciual 
o.ises it maybe Jar from being true It would therefore sec i » * to 
desirable to got nd of this uncertainty by constructing an ms* t#ru 
nuMit in which we are sure that these causes of variability 
reduced to a minimum. 

Phis has been attempted m the instrument a sketch of W l* i eib 
ueeompames the present descriplKHi, 
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rt consist* of a largo mercurial thermometer with its bulb m the 
middle of a cubical chamber of brass, thin chamber being so massive 
that its temperature will remain sensibly constant lor some time 
(the bulb is denoted by doited linos m the sketch). L he chamber 
with its thermometer has a motion in azimuth round a vertical axis, 
and also a motion m altitude round a horizontal axis. 

A lens of suitable aperture (winch may be varied by diaphragms) ■ 
and also of appropriate focal length, m attached by means of a rod 
to the cubical chamber, so as to move with it. i bus the whole 
instrument maybe easily moved into such a position that the lens, 
as well as the upper side of the chamber (which is parallel to the 

plane of the lens), may face the sun, and an linage of the sun be 
thrown through a hole m iho side of the chamber upon the ther- 
mometer bulb Tins hole is covered or uncovered by means of a 
slide Of course tins hole is only uncovered when an observation 
is boinp made The stem of the thermometer protrudes from the 
chamber as in the figure. A screw, somewhat larger m diameter 
than tlio bulb of the thermometer, is made uso of m order to attach 
the thermometer to its enclosure; and a smaller screw, pressing 
homo upon india-rubber washers, enables the thermometer to be 
properly adjusted, and kept tight when m adjustment 

The stem is about 18 inches long, and about five degrees go to 
the inch, thus the scale is very open The sienna protected from 
the risk of accident by an appropriate shield 1 By means of a stem 
of tins length it is probable that sufficient range will he* secured to 
provide for observations all the year round at most stations. It 
may, however, happen that m certain localities (he summer 
tempoT abure is very high and till c winter temperature very low. Xn 
such a case it will be desirable to have two thermometers, one for 
winter and one for summer use ; the scab* of the one overlapping 


that of the other to some extent 

The massive brass chamber is lined with a covei ing of loll, and 
tins again is surrounded by polished brass plates By this means 
the heat of the sun will bo to a great extent reflected oil, ayd that 
which is absorbed having to pass through the felt, which is a had 
conductor, will only ho able to rmse with extreme' slowness the 
temperatures of the massive brass chamber within. 

Ln such an instrument, therefore, r and / will he very small, and 

we may he (juito certain that lt+ — will accurately represent 


the heating ellect of the sun. 

We may probably suppose that in the same instrument the lmm 
will always stop the same, or nearly the same, proportion of the 
solar rays Bub the lens of one instrument may not stop the sumo 
proportion as that of another instrument. Lt. must, however, bo 
borne m mmd that the instrument is a differential one, and that all 
such acLmometcrs before being used should, if possible, be compared 
with the standard at South Kensington, and thus have their co- 
efficients determined. 

The sketch now given exhibits an improvement introduced by 
General Strachey consisting of a graduated arc, by which the sun’s 
altitude during an observation can bo lead oil* with a sufficient 
amount of accuracy. General Strachey has since introduced screws, 


* This shield is exhibited in the figuro broken oil so as not to occupy loo much 
space. 
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by means of winch slow motion either in altitude or in azimuth, 
may be given to the instrument ; but these are not exhibited in the 
abovo sketch. 

This description is accompanied by three memoranda, of which 
A and B refer to fcho method of adjusting the instrument and observ- 
ing with it, while C embodies certain suggestions of the Solar 
Physics Committee regarding the best method of utilizing the 
observations. 


(A) 

Memorandum by Professor Balfour Stewart. 

The object of this instrument being to give us the relative value 
of the sun’s direct heat from day to day and from year to year, it is 
necessary that all its parts susceptible of alteration should remain 
in a constant state, and that the observations with it should be made 
m a uniform manner 

This will involve constancy (1) of the lens with its adjustments ; 
(2) of the method of exposure ; (3) of the thermometer and its ad- 
justments ; (4) of tho method of observing with tlio instrument. 

(1.) Tlio Lens with its adjustments* 

The lens is provided with several diaphragms. It should first bo 
ascertained winch of tho diaphragms ir most suitable to tho average 
power of the sun at tho place of observation Jf wo take throe 
mmui.es aw a good time of exposure the sun Hliould heat up tho 
thermometer not more than throe degrees or so during tins time 
Having once selected a diaphragm tho samo one should invariably 
be usod Caro should be taken to see that the glass of the lens 
is quite clean and not coated with the slightest Him of moisture or 
dirt. 

Tho lens should be placed at such a distance along its rod. that tho 
focuH or small image of tho sun should fall not further from the 
bulb of the thermometer than the slit of tho aperture. Generally 
speaking tho imago would naturally bo formed mi this fslit, but m 
somo instruments it might bo desirable to have it a trifle nearer the 
hull) in order that tho rays alter they diverge again, should be all 
well caught on the bulb of tho thormomoLer It is of essential im- 
portance that all the rays should be so caught. 

J laving ascertained tho best distance for the lens care should be 
taken that tho lens is always kept at this distance and m a central 
position. 

(2 ) Tho method of exposure. 

Mxposuro is accomplished by means of a slide, which when with- 
drawn uncovers a circular aporturo through which tho beam may fall 
upon the bulb of a thormomotcr. 

Care should be taken that this slides easily as well as truly. 

On the outside of tlio slide tlioro is a small circular mark which, 
When tlio slide is in its place, is symmetrically abovo the circular 
aporturo. This mark is decidedly larger than„lho sun’s imago 
When exposure is about to be made tho sun’s imago should just bo 
entirely within this circLu at that side from which the sun carries it 
by his diurnal motion. Thus during the time of exposure the image 
will bo travelling further within tins circle. Thero can bo no harm 
in ascertaining by experiment that tho sun during tho time of ex- 
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-posuro never travels so far as to bring the image out of tins circle. 
In order that the brightness of the image should not alfect the eye 
of the observoi , this circle may be blackened if thought necessary. 

Care must be taken that at the moment of making exposure by 
withdrawing tho slide the instrument is not shaken so as to alter its 
position The circular aperture is conical and opens out towards the 
bulb. There is thus no danger that any ray of light winch passes 
the aperture should strike against the sides. Moreover these sides 
are blackened. 


(3 ) Tho Thermometer and ils adjustments 
The same thermometer should alway, if possible, bo used, and m 
order to prevent accidents it should, if possible, always he kept m 

^ The bulb of the thermometer has a pointed termination, and 
perhaps the best plan is to make this pointed glass termination 
always lightly touch the side of the chamber, provided that this 
seems a reasonably good position for the thermometer bulb with 
reference to the hole. . 

This regulation will secure the position of the thermometer m one 
direction, but it is likewise desirable that there should be no turning 
round of the stem from one observation to another. Perhaps this 
will bo best accomplished by making a small mark on tho stem 
which should always bo kept uppermost. _ 

The stem of the thermometer should be tied centrally into the 
frame at the top so as to prevent its being bent or strained by its 


own weight. . . . .. ^ , n , P 

Under ordinary circumstances it is not probable that tlio glass oj 
the thermometer bulb should get coated with moisture or dirt, hut 
m certain contingencies of climate it is perhaps advisable to ascer- 
tain this point. This can be done by removing tho top which con- 
tains the slide and without disturbing tlio adjustments of the ther- 
mometer. 

The thermometer will probably bo graduated into degrees and 
fifths of a degree. To present tho possibility of error, the observer 
might record his observation thus * — 



Divisions and decimals 

Tmc reading. 

Nearest 

o£ a division above 

decree. 

device. 


60 

3*2 

GO ’ 64 

73 

1 ' 8 

73 • 36 


The observer should read the thermometer with a magnifying 
lens, placing Ins eye so as to prevent parallax. Per this purpose let 
him take that graduation which is nearest tho extremity of the 
mercurial column and place his eye so that the reflexion of this 
graduation from the surface of the mercurial column beneath it 
coincides with the graduation itself. Let him then take li is reading. 

It is proper to observe that the thermometer will road somewhat 
di tier ently for tho same temperature according to tho inclination or 
slope of tho instrument. This, however, is not a point of practical 
importance since tho observations are differential, while during one 
complete observation the thermometer always preserves tlio same 
inclination. 


(4.) Method of observing. 

The instrument should be in position for some short time, say 
quarter of an hour, before observations are begun. Ils outside 
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should ho kept polished. Lei us suppose that the time of exposure 
is two minutes. The observer should — 

((c) Head thermometer exactly two minutes before exposuro 
begins. 

(Ij) The sun’s image being just within the circle marked on the 
slide and the instrument ready for exposure a reading* (i) 
should bo taken exactly two minutes after (a) and exposure 
should at once be made 

(c) Exactly two minutes after (b) the exposure should be discon- 
tinued and a reading made. 

(<l) Another reading (d) should bo made two minutes after (c). 

This is all that is necessary for a single set of observations, lout a 
double set is very desirable In this case when (d) is made the 
instrument should he again exposed for two minutes and an obser- 
vation (fi) made at the moment when this exposure is discontinued 
And finally another observation (/) should he made two minutes 
alter (c) A. good chronometer boating seconds or half seconds is 
essential to such observations. The following is an example of a 
set of observations taken at Manchester with one of these instru- 
ments 


Time 

of niNti’iimont. 

Heading in 
degrees, Eahr. 

fscT 

not exposed 

54*10 

(a) 

32 

exposure begun 

54*16 

(b) 

34 

exposure stopped 

57*60 

(c) 

36 

second exposure begun 

57*28 

(cl) 

38 

», „ stopped 

, 60 44 

(e) 

to 

not exposed 

59*71 

(f) 


It thus appears that for the first two minutes before exposure 
there was a rmo= '06. During two minutes exposure there was a 
rise = 3* 41*. During two minutes after exposure there was a fall 

* 32— *06 

= ' 3*2. According to the well known formula 3 44 + - — x — o'o7 


will bo the value of the sun’s heat derived from the first series of 
observations. Prom the second series we have for two minutes 
before exposure a fall = * 32 During exposure a rise = 3*16. Eor 
two minutes alter exposure a fall ='70. Hence according to this 

*70 J- * go 

series 3’ 10 -1 — — = 3‘ (57 ^311 be the valve of the sun’s beat. 

It thus appears that the results of the two series agree very well 
together. 5 

"l n the more perfect form of instrument a circle gives the sun s 
altitude which should be recorded at the beginning and the end of 
each set of observations. 


(B.) 

Memouandum by Lieut. -General Straghey 
As it was thought likely that difficulties might arise in the 
determination of the true local time of observation, an additiem has 
been made to the instrument as originally designed, by which the 
actual altitude or zenith distance of the sun may be observed 
Bjuuultaneously with the thermometer readings. 

A graduated arc lias been fixed to Llio thermometer frame by 
winch the sun’s altitudes can be read oil' to quarter degrees, au 
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amount of accuracy which is sufficient for the object. Three arms 
with levelling screws are formed on the stand of the instrument by 
which the vertical axis is brought into a truly vertical position 
previous to use. 

To test the readings of altitude it will suffice, alter properly level- 
ling the instrument, to bring the zero of the graduated arc to the 
zero on the fixed vernier, and then to ascertain whether the line 
drawn from the centre of the lens to the centre of the aperture 
within which the focus of the lens falls, is truly vertical. That is 
known by fixing a small plummet (which is supplied) to the centre 
of a cap which fits over the lens and observing whether the point of 
the brass boh coincides with the cross lines cut on the sliding screen 
which closes the aperture opening to the thermometer bull) If the 
coincidence is satisfactory no correction will be needed , otherwise, 
the instrument should be turned on its horizontal axis till the 
plummet covers the point of intersection of the cross lines, and the 
reading on the arc will be the error to bo applied as a correction 
with its proper sign If the observer so prefers, and has the need- 
ful skill and appliances, he can shift the vernier and thus re-adjust 
the zero reading 


Memorandum for the use of Observers with Professor Balfour 
Stewart’s Actinometer, prepared by Professor G G . Stokes, 
Sec E.S., and adopted by the Committee on Solar Physics. 

The Committee regard the instrument herein described as an 
apparently good instrument, though it has not yet been tried under 
conditions more favourable to acbmometric observation than can be 
obtained in the United Kingdom. Partly on this account, but even 
more on account of the still immaturo condition of the whole subject 
of actinometry, they deem it premature to attempt to draw out any- 
thing like a code of instructions for regular observation with it, and 
think it best to place the instrument m the bands of one or more 
intelligent observers interested ul the subject, and residing in 
suitable localities at very con sulorablo elevations above the levehif 
the sea, indicating to them the objects which it is sought to attain, 
hut leaving it in great measure to their own judgment, and to the 
experience they will gam m using the instrument, how best to carry 
out the observations m detail. 

Let it be understood then that the chief object which It is sought 
ultimately to attain by tlic use of an actinometer is a knowledge of 
the variations (if any) in tlic heat radiation from the sun itself. 

The first great obstacle to tho attainment of this object is that 
arising from variations in the hcat-intcrceptmg power of the earth’s 
atmosphere. To reduce this to a minimum a station is in the first 
instance chosen which, while favourably conditioned in other 
respects as regards climate, is well elevated above the level of tho sea, 
so as to get rid of the denser and more dusty and hazy portions of tho 
atmosphere. A suitable station having been chosen, the next point 
is to select proper occasions for observation. A cloud covering the 
sun would ol course make tho observation impossible; but even a 
slight veil of cirrus is found to interfere materially with the amount 
of heat coming directly (that is, without any deilection) from the sun. 
Hence the observer should cbooso times when the 1)1 uo sky is to all 
appearance free from Imzc. Detached clouds need not prevent an 
observation, unless during sonic part of the time ol‘ exposure they 
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come so near tlie sun that the rays they reflect are liable to pass 
through the lens in such a direction as to fall on the bulb of the 
thermometer. 

Vitiation of the observation by visible causes of interception of the 
heat rays having been thus guarded against, there still remains the 
possibility of casual fluctuations being produced by the invisible 
constituents of the atmosphere. For the detection of these, and for 
learning the conditions of their absence, we can only have recourse 
to a comparison of the results of observations made on different 
occasions To render such a comparison effective, memoranda 
should be made at the time of the observations of the condition of 
the atmosphere, so far as can be judged by the eye, and by readings 
of the ordinary meteorological instruments, and the altitude of the 
sun should be measured (no great accuracy being required m the 
measures) and recorded, or else subsequently calculated from the 
known time of day and year. 

With a view to throwing light on the conditions of atmospheric 
fluctuations in the radiation received at the surface of the earth, the 
Committee would suggest that the actinometer above described 
should be observed m conjunction with some qualitative instrument 
which gives an immediate graphical and visible indication of the 
power of the sun. An instrument devised by Mr. Wmstanley, and 
modified by Captain Abney, would appear to be very suitable for 
this purpose A complete accordance between the two instruments 
is not to bo expected, because the thermometer m Mr Wmstanlcy’s 
instrument is exposed to radiation from 'various directions. The 
difference between the Iwo instruments m tins respect may be useful 
in throwing light on the causes of atmospheric fluctuation. 

When the observer has learned how to avoid at least the grosser 
forms of atmospheric fluctuation, ho may attack the problem of the 
effect of the sun's altitude on the amount of heat radiation inter- 
cepted. For this purpose specially favourable days should bo chosen, 
and observations made at frequent intervals, from shortly after* 
sunrise to near sunset. The condition of the atmosphere on these 
days should be carefully recorded. The days used for tlie purpose 
should not be confined to one season, as it is possible that the 
normal condition of the atmosphere at a given place, and with it 
the amount of absorption for a given altitude of the sun, may vary 
with the season All through the observations above referred to, 
or at least after lie has learned to recognise and avoid the more 
serious atmospheric fluctuations, the observer must bear m mind 
that the instrument itself (the actmometer) is on its trial, and ho 
must be alive to the possibility of variations in the readings, duo 
merely to different conditions of exposure, or to other purely 
instrumental sources For testing the instrument itself, times 
should lie chosen when, as Jar as the observer can judge, there is a 
freedom from casual atmospheric fluctuations, and it would be well 
to take a good number of consecutive observations with the screen 
alternately on and off. 

When the observer bas learned how to avoid, as far as may be, 
merely casual atmospheric fluctuations, and considers that the 
instrument bas been sufficiently tesiod, he may commence observa- 
tions taken with a view to their possibly forming part of a permanent 
record. For this it would be proper to get a result for each day, so 
so far as atmospheric conditions permit ; but how many observations 
it would be desirable to take, whether they should lie taken at 
stated hours, or with stated altitudes of the sun, or whether the 
most favourable opportunities as to atmospheric conditions should 
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be seized which, present themselves, not too far from noon, so that 
the sun has a high altitude, are questions which cannot well be 
answered till the preliminary experiments above mentioned have 
been made The observations for permanent record can hardly bo 
reduced until the effect of altitude has been determined, but they 
may be made as soon as the observer has made sufficient progress 
m learning to avoid casual sources of error. 

When all has been done that can bo done at one station, tho 
discussion of the records obtained may lead to presumptive evidence 
in favour of a variation in the actual radiation emitted by the sun 
itself, but so important a conclusion could not bo considered as 
established without corroborative evidence, arising from ^ tho com- 
parison of simultaneous observations at at least one other favourably 
situated station widely separated from the former. As soon, there- 
fore), as tho method shall have been brought into thorough working 
order, especially as regards the rules to be followed for tho avoid- 
ance of casual atmospheric fluctuations, it is desirable that tho 
stations of observation should be multiplied. 


APPENDIX I. 


Description «qf Eoscoe’s Actinometeil, modified by Hoba.ce Darwin, 
and manufactured by the Cambridge Scientific Instrument 
Company. 

April H, 1881. 

The measurement of the chemical effect of total daylight is made 
in this instrument according to Eoscoe’s mothod by exposing a piece 
of sensitised paper to the light for known intervals of time at each 
hour. To effect this the piece of sensitised paper is fixed round a 
drum. This drum can turn on a horizontal axis, and tho frame 
which supports it can slide horizontally. A pioce of thin sheet 
brass is fixed over the drum and a hole is cut through it. it is so 
arranged that it presses down lightly on tho top of tho drum, thus 
a small piece of the sensitised paper is always exposed to tho day- 
light, and the rest of tho paper is in total darkness. Thus by the 
horizontal movemont of the frame and tho turning of tho drum 
every part of tho sensitised paper can bo brought under the hole. 
Wo will suppose the instrument to be working. Tho frame which 
supports the drum lias a slow and continuous movement in a hori- 
zontal direction. Between tho hours the drum docs not turn, and 
it only moves slightly m a horizontal direction. At the hour tho 
drum turns suddenly for a small part of a revolution, thus exposing 
a fresh piece of paper under tho hole. . After 2 seconds it again 
turns suddenly as before, oxposmg that piece of paper for 2 seconds. 
►Similarly fresh pieces of paper are exposed for 2, 4, 6, 10, 20, 40, 
90 seconds, and after this tho drum does not rotate again till tho 
next hour, when a similar set of movemonts takes plaeo. lloneo, 
between the hours there is a piece of paper exposed for 57 minutes, 
and which is useless on account of t ho ^ long exposure. Owing to tho 
horizontal movement of the drum a fresh piece of paper is exposed 
when one complete revolution of tho drum has taken place. 

The mechanism by which this movement is olFccted is as follows : 

To the barrel of a clock tho barrel round which tho gut from 
the weight is coiled and whfch drives the clock) a pinion is fixed. 
This pinion gears into a tooth wheel, and on the arbor of this wheel 
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R **iall barrel is fixed. When the clock is wound up this small 
+v^ rre l .‘ fcurils J and in so doing winds a piece of chain on it, and as 
th.o weight of the clock goes down this small drum turns slowly m 
t«he opposite direction, and the chain is slowly unwound from it. 
-l-lie other end of this chain is fixed to the frame which supports the 
tli' run, and which can slide horizontally Thus if the chain is always 
Kept taut, the drum will slowly move horizontally in one direction 
tlLo clock goes, and when the clock is wound up it will be pulled 
I>ack into its original position. This chain is kopt tant by a piece 
gufc, which is fastened to the other end of the frame, and thence 
passes over a pulley and is attached to a weight. The horizontal 
movement of the drum is thus given, and it only remains to explain 
blac arrangement for the rotatory movement 

See Fig. I. A is an arbor which has a tendency to turn m the 
^direction of the arrow. The mechanism for doing this is not shown 
1 n the sketch, hut is arranged thus • On the arbor is a pinion into 
wlii oh awheel gears; this wheel is made to turn by means of a, 
weight attachod to a string which is wound round a small barrel 
fixed to tho same arbor as the whoel. B is a ratchet wheel, which 
in not fixod to the arbor A, hut turns freely on it in the direction of 
hho arrow once in 3 minutes, by being geared to a. wheol on tho 
Bcrvpe wheel arbor of the clock. This gearing is not shown m older 
m>b to complicate tho sketch. An aim 0 is fixed to the arbor A. 
"O is a pm fixed to tho end of this arm, on tins pin a piece E can 
1 urn, a pm F projects from the sido of the piece E, and is so arranged 
blurt it can engage in the teeth of the rachet wheol B. A spring 0 
lends to turn tho piece E, so that if not prevented the pin F will ho 
forced down between the teeth of the ratchet wheel. Wo havo seen 
blurt the Arbor A tends to turn and carry the arm 0 with it , in tho 
position shown m the sketch this turning is prevented by the hooked 
end II of the lever 1IK, this hook catches m tho end of the piece E, 
unci as the other end of this piece comes against a stop L the arm (J 
iy held m the position shown in the sketch, this stop is fixed bo tho 
arm 0 and projects from its sido. In this position tho pm F docs 
nob engage m the teeth of tho rachet wheel B. The weight tending 
ho turn tho arbor A will keep the arm in this position. At the hour 
tho hook IT is raised, thus releasing tho piece E, tho spring Cl will 
then turn tho piece E, s6 that the pin F will engage m the tooth of 
the rachet wheol. Wo have seen that the rachet wheel is always 
burning at the rate of one turn in 3 mmutes, and as the arbor A 
hoi ids to turn m tho same direction it will now turn at the same 
ratio. Before the arm 0 has time to got round again to its original 
po nit Lon the hook IT has como down again, and thus the outer end 
of tho piece E will hit against it, but the arm will go on for a short 
time till tho other ond of tho pieco E comes against tho stop L. 
This movement throws the pin F out of gear with the rachet wheel 
4UH1 agam holds tho arbor A Thus at ouch hour tho arbor A takes 
one complete revolution m 3 mmutes, and then remains at rest till 
tho next hour, and so on. The manner in which this regulates the 
turning of the drum will ho explained further on. The lever UK 
can turn about its centre, and its end K rests on the edge of the 
discM This disc turns once an hour, and has a nick cut in its 
ecl^e so that at the hour the end K falls into tho nick and thus the 
end H is raised. Tho slanting side of tho nick again raises K, and 
ho lowers IT before tho end of the 3 minutes, at the end of which 
time the arm 0 returns to its original position ; the disc M is divided 
into 00 divisions, and can bo set like the hands of a clock, ie , it 
cun turn with a stiff joint on the hour arbor; thus it can be set so 
tli at the nick will como uppermost exactly at each hour. 
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In IV. II A represents the same arbor as A m Fig. I, but a 
separate sketch is given m order to make them more clear. A disc 
B is fixed to the arbor. Thus at each hour this disc makes one com- 
plete revolution in three minutes On the axis of the drum to which j 

the paper is fixed there is a small ban el, round which a cord is 
wound and a weight attached to the cord. Thus tlio drum tends to , 

^urn. This barrel is connected by a tram of wheels with the arbor ; 

CD, which thus also tends to turn. For one turn of this arbor tho 
drum turns through the right amount to expose a fresh piece of 
paper. Fixed to this arbor is a small arm OF The point of this 
arm is made small, and rests against the side of the disc. At 
varying intervals round the disc nicks hi) are cut through its edge. 

The point of the arm OE is made so as to pass thiough those nicks. 

Darin o the hour this point rests against tho side of the disc between 
two nicks. When at the hour this disc, turns, every time a nick 
comes opposite the point oi the ami, the aiboi OD gives one turn, 
and thus the drum turns through a fraction of a revolution, and a 
fresh piece of paper is exposed. This disc turns with jerks at each ^ 

second as the clock ticks ; tho point E passes through a nick during 
one of these jerks while the disc is moving com] lavativcly quickly* j 

Thus the intermittent movement of the drum takes places with con- 
siderable accuracy. Any requirod lengths of exposure can he given J 

by putting the nicks m the corresponding places Tho nicks arc cut j 

diagonally across tho edge of the disc. This is done m order to 
prevent the possibility of the points E coming round so quickly an , 

to pass through the same nick twice. ! 

The accompanying sketches ituisl bo taken to bo merely as dia- 
grams to show the principle of tho mechanism 

The above instrument is analogous m principle to that described 
by Professor Boscoe m the Philosophical Transactions for 187 L, a 
modified form of which has now been continuously at work at South. 

Kensington for several months. 

Mr. Horace Darwin’s arrangement is in several particulars 
superior to the original form of Boscoc’s acti nometer, and especially 
m requiring a smaller quantity of the sensitised paper It has boon j 

tested by Prof. Boscoe and found to work perfectly The instrument | 

is now set up at South Kensington, and gives regular and reliable 
results. 

A special reading-off apparatus has been designed by Captain 
Abney, which greatly facilitates tlio readings, and renders the daily 
operations as simple and rapid as possible. 


APPENDIX K. 


Extract prom a Letter, dated Rttt April 1R81, prom Mr. Henry 
F. Blanpord, Meteorological Reporter to the Government: 
op India, to Propessor Stores, Secretary B S. 

I am now despatching to you the results of a year’s observations 
with Balfour Stewart’s actinomctcr at tho All pore Observatory. 
They have been taken entirely by the native obsei vers, hut 1 do nob 
think there is any reason to doubt that they have been Lake'll care- 
fully and m accordance with the instructions given them excopt m. 
one point, which they misapprehended This wasm adhering to tho 


I 
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practice of taking shade observations at a half minute interval. 
.Except as regards the final noon shads observation, this half minute 
interval is merely a superfluity, blit the second sun observation at 
noon is rendered imperfect by the want of the final two minutes’ 
shade observation 


Memorandum to accompany the actinometnc observations made with 
a Bali our Stewart s actmoinetcr at the Aliporc Observatory 
Calcutta, from April 1880 to March 1881 

From the 10th Apul 1880 to tbc 28th February 1881 the practice 
lias been as follows . — 

lhc observations were taken as follows* — At two hours three 
minutes before apparent noon, the instrument being m position with 
the screen shut, a (list reading was taken. After remaining two 
minutes by eln onomeier with screen shut, a second roadmg was 
taken and the screen withdrawn Alter two minutes exposure by 
chronometer, the screen was closed and the third reading taken at 
the same instant. A fourth roadmg was taken half a minute later, 
and a fifth two minutes after closing the screen. Hence the intervals 
vero . 

8hadc 2 minutes 
►Sun 2 ,, 

Shade \ ,, 1 - 

Shade ij ” f 2 minutes. 

At 1 hour 57 minutes after apparent noon the series of observations 

were similar. 

At five minutes before apparent noon the readings were taken at 
the following intervals. 

Shade 2 minutes. 

►Sun 2 ,, 

Shade ,, 1 0 . , 

.Shade li ” J- 2 minutes 

Hun 2 „ 

.Shade i 

Through a misapprehension on the part of the observers Lho final 
made observation at noon was not prolonged to two minutes (as it 
should have boon). The consequence is that up to the end of 
February there is only one complete noon observation, which is that 
recorded m the accompanying table 

From the 1st March 1881, the intervals of both sun and shade 
observations are m all cases two minutes There are thus after this 
date two complete noon observations, but it is only the first of these 
that is recorded m the following table 

Before the 10th April 1880 no initial shade observation was taken, 
but in other respects the practice was the same as that above de* 
scribed. 


li 82 L 


t* 
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The following Table is a lecoid of Observations made with a BiiPotra Stewabi’s Actlsojiiieb 
at the Alipoie Obseivatoiy, Calcutta, fiom Apul 1880 to Match 1881 


N B —The Talile is preceded by the lecoidb of the Observations upon three days, May 21 
Dec 16, and Dec 21, which have been selected at landom, and have been given in full to show 
the mode of asmg the instrument 
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APPENDIX L. 


Letters in reply to the Circular Letter op 31 st December 

1880 

From Dr. G. J horns be in, the Observatory , Prague. 
Translation. 

Prague, 27th January 1881 

In ana wcv to the letter (of the 31st December 1880) from one of 
the members of the (lonmutteo, L have the honour to make the 
following communications — • 

1 Itemarhb on a sei in s* of observations of situs) tots fiom the year 1860 
to 1802. 

In the year# I860 to 1802, while employed at the Vienna observa- 
tory, l made a series of numerous observations of solar spots with 
Fraunhofer’# refractor of 6 inches aperture. A small portion of 
these observation#, a# well as the method of observation and the 
manner of reduction, wore published m the frith volume of the 
A stronomisehe Naohrichten. 

The accompanying paper contains a list of the days of observation. 
On each of these days there were as a rule repeatedly determined 
the positions, m relation to the eentro of the sun, of all the sunspots 
of any considerable dimension# On each day, with a few excep- 
tions, Lb ore was also a sketch taken, m which besides tho spots the 
necessary data for the determination of the area of each spot are 
given, that is to say, bolli thoaica of the nucleus and the area of 
the penumbra separately. Tin* diameter of tho sun m these sketches 
is taken at about 12 centimetre# 

1 shall endeavour to publish tho whole series of observations, if 
not entire at least m abstract. If the catalogue of solar spots obser- 
vation# now m tho pros# should not contain tho above-mentioned 
observations, 1 shall feel obliged by the Committee inserting them. 

2 On, the piuy >ose f hr whi ch bh vsn observations were undertaken. 

The primary intention of this work, as may also partially bo 

gathered from a communication of mine in tho 54th volume of the 
A stronomisehe Nachrichton, 1 stated at a meeting of several 
astronomers in Berlin in September 1860, among whom were present 
Professor Bruhns, Dr. Forster, Dr. Pape, Herr Lessor, Herr A uwers. 
My statement was somewhat as follows:— 

Just as in tho determination of a planet’# orbit we make uso of 
all the observations which are taken at the various observatories, 
in the same way, in order to do tor mine the elements of rotation of 
tho sun, all the larger sunspots should bo carefully observed at 
several observatories, ami their relative positions to* tho centre of 
tho sun should bo as often as possible laid down. Out of tho total 
of these measurement# from month to mouth, and from year to year, 
it would tlurn he easy to determine very accurately the elements of 
rotation of the sun and tho movement# which aro taking place in 
various parts of the photosphere. 

But these measurements and the calculations based upon them 
should not he continued for a few years only. On tho contrary, tho 
movement# on the surface of the sun should ho uninterruptedly 
noted in Lie same way as this is doin' with the movements of the 
moon and the planets, as it is only m tlus manner that the laws 
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which govern the formov movements can bo easily and surely rocog- 
niaod.” 

Since then, though many publications have rendered a great deal 
of service, yet the realization of the above methods scorns to promise 
a large harvest of results. For instance, among other questions 
there might bo made an exhaustive investigation whether tlio poriod 
of rotation of the equatorial zone is to bo taken as constant 

The work which I began at tho observatory of Vienna was inter- 
rupted by my leaving that place m September 18t>2, and unfortu- 
nately 1 am not now in a position to think of continuing it. Perhaps 
tho Committee will feel inclined to take up flic examinations pointed 
out, among tlio works which will have to be conducted by the con- 
templated 'Institute for Astronomical Physics 

(Signed) bit. 0. Hoknstkin. 


From Professor C. A Young , Princelown , Now Jersey, IT />' A 

Princotown, JSTow Jersey, U S.A., 
f»th Fobuavy 3881 

I received your communication on behalf of tho Solar Physics 
Committee some days ago, and have been greatly m lorostoil in if 
and in the documents which accompanied if. 

I agree entirely with tho views of flic Committee as to flu; 
importance of a continuous daily record of tho sunspots and flu; 
now quite oqual importance of an actniomelrie record as complete 
and continuous as possible It* appears to mo that at present especial 
value attaches to actmoniotric work, and that ev cry elfori. should be 
made both to increase the sensitiveness ami accuracy of the apparatus 
and to secure observations, complete and continuous, from stalions 
where tho atmospheric difficulties are a minimum. 

It is hardly necessary for mo to say that 1 consider if also very 
desirable that the magnetic records should be carefully collated \Mt.li 
observations of sunspots and prominences, especially with sueh 
spectroscopic observations as indicate violent disturbance of tho 
solar surface. Certain observations of my own m 18? 1 and 1872 led 
me to think jf probable that every serious solar disturbance is 
reflected m tho conditions of terrestrial magnetism, and everything 
which lias since come to light, and especially tho recent investiga- 
tions of Pi ofosuor W. (1 Adams, confirm the idea. 

It will give mo tho greatest pleasure to co-operate with Hie 
Committee so far as is in my power. I am so circumstanced that I 
could hardly undertake continuum series of observations, because my 
timo is not at my command, being much broken up by various 
duties; hut J have a good deal of leisure m the intervals which f 
should he glad to dovotc to whatever form of solar observe! ion, 
especially spectroscopic, most needs attention. It is my purpose 
during the coming season to give special attention toHumqiot spectra, 
and I shall bo most happy to communicate to tho Committee any 
data 1 may obtain. 

I shall be very glad to receive suggestions from (lie Committee 
as to any work tlioy would specially like to have me look alter J\ly 
apparatus is such that I can most easily make spectroscopic observa- 
tions, but I think I could, without difficulty, uvtange for any other 
observations of more immediate importance/ 
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I enclose a paper containing a summary of certain spectroscopic 
observations made here during the past year 

(Signed) 0. A. Young 


Letter from Dr. Buys Ballot , Utrecht 


Utrecht, 22nd February 1881. 

I feel very much honoured for your communications to me of 
your views on the methods of carrying on observations m Solar 
Physics, and I deplore only that I do not feci myself able to aid you 
m your work. 

The Dutch Meteorological Institute has, to my deep regret, no 
personal or material assistance enough to make these observations, 
m which I take a very great interrst. 

With great pleasure I saw that you (copy of correspondence) lay 
great weight on a great clearness of atmosphere on high mountains, 
which I think indispensable, vide “ Changements penodiques de 
temperature dependant du Soleil et de la Luno, Utrecht 1847/ 3 

2. That you will (Preliminary Report) examine and discuss short 
poriods ; that of Mr. Balfour Stewart. As soon as I have made up 
the result of my own period of 27*682 days given m the above said 
Changements, and now confirmed by Professor Bruhns in his letter 
to me, I will have the honour to offer you a copy of that paper. 

3. That the observations will be made with a good actmometer of 
Professor Balfour Stewart, which perhaps gave occasion to Mr. 
Violle (ltapport an Gongres meteorologique do Rome, Utrecht 1878) 
to imagine his 

I beg you to excuse that I subjected these three points to your 
attention* m order to show you that I perused the papers you 
favoured me with, and amongst which plans, designs, and remarks 
of the highest interest are to be found 

(Signed) Buys Ballot. 


I 


From Sir G. B Airy, K.C.B., M A , F R 8., Astronomer-Royal. 

Royal Observatory, Greenwich, 

3rd March 1881. 

i received your letter of December 31st m the country I have 
kept it m sight, and have referred to it from time to time, but 
business which seemed to demand my attention every moment has 
prevented my answering it. 1 foar that what I have to say now 
will not be very complete 

The objects to which the correspondence (enclosed with your 
letter) applies, appear to ho these, or principally these — 

1. The nearly continuous photographic register of solar spots 

2. The nearly continuous register of the sun’s radiant heat. 

1. I suppose that the uses of the solar spot register are two. 
(<i.) for the changes from year to year, (A) the changes from day to 

^ISrow on (a.) we have a great deal of information beginning from 
Wolff, and going on regularly at Greenwich, and I suppose at other 
places. On what they show the best evidence is that in Mr Ellis’ 
paper on the comparison of the spot observations with magnetic 
observations. The exhibition (incidental to that comparison) of 
the numerical record of sunspots shows m short periods extreme 
irregularity, and in long periods an approximation to an order 
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I cannot call it a law— of a rude kind, wliicli cannot bp statod 
without leaving ample license for departure from anything 
law The question (as regards the matter before us) applying to 
this is— Is there reason for behoving that wo should approach, 
nearer to order or law by multiplying the observations on th 0 pro- 
posed scale? I do not think there is Is it worth the trouble to 
keep up the present system P I think it is It gives us, though, m 
a very rude shape, a cosmical recurrence of much micros b, and it 
gives us the first grounds for thoughts on causal connexion that 
might m time suggest distinct reasons for oxLonsive observations 
m India or elsewhere. 

In (6.) are such phenomena as the riso of spots and fnculso, tlio 
diminution of spots, &c , the bridging across spots, the cl tangos that 
go on in their spectroscopic phenoniona, the definition of tlio solar 
regions which they most affect, tfcc &c. The record of those, at 
Greenwich for instance, is very imperfect But it is not con- 
temptible. There are to bo found, m comparison of consecutive 
photographs, a great number of instances of every result of changes 
from day to day that can bo suggested. L think that until theso 
have been well studied, with the view of ascertaining how obser- 
vations can he extended advantagoously aL home, and on what 
points (very distinctly indicated) observations at other stations aro 
wanted , we should bo wrong in undertaking a series, though in 
itaolf better at a distant station. 

2. The record of solar radiant heat, as a broad nui ural fact, uncon- 
nected (at the present time) with theory, appears to me well deserving 
of attention Its bearing on almost everything in human hfc is 
evidently important. And its bearing on possible cosinic.al theories 
may bo valuable (though I would not act on anything so vague, 
except in conj unction with more distinct reasons). But Llioro ap- 
pears to be at present a difficulty as to the mode of moasumng Xt 
docs not appear, I think, that wc have a satisfactory actinonictcr. 
Our thoughts ought first to bo directed to that insf rumontai 
arrangement. 

In the meantime fchoro is another mode of measuring tlio radiant 
heat as received by the earth— that indicated by tlio deep sunk 
car th- therm ometors. The evidence of their efficiency us distin- 
guishing the heat received in dilfcrent years and m different, months 
will be found in “ Reduction of 20 years’ photographic, &o., and 
27 years observation of earth thermometers, <&(*., at Greenwich,’ * 
especially Plates IX. and X. I took the liberty some months ago 
of suggesting this to tlio Committee on Solar Physics, and I take 
tho prosent opportunity of repeating my confidence m its value. 

(Signed) G. B. Axuy. 


Extract from a Letter from the liev. JDr Itobinmi. 

I prefer tho programme contained in tho report by Professors 
Stokos and Stewart to tho more ambitious ono of Professor Adjims’s 
memorial. 

It is far more economical, and, with some modifications, might bo 
made much more effective. 

As to tho second head of their subject, Solar Photography, they 
show conclusively (Par. 8 and 9) that it can only bo worked effectually 
at an elevated station m India, where a great physical observatory 
is out of tho question. I would only suggest in addition that tho 
photohcliograph used should be of sufficient aperture ; I hoc thero 
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in one (>" at South Kensington, but even this is scarcely large 
enough, r L ho instrument should be able, if required, to give pictures 
like those which Janssen obtained Yet more, it seems from Ar- 
Li do 0. of the appendix to the Preliminary Beport that the absorption 
]i m\s of metallic vapours vary with the temperature (as I understand 
the words) 31* this bo so, photograms of solar spectra might give 
information of changes in the solar atmosphere. I see from G-rubb’s 
( latalogue that the price of a 10-inch object glass is 200Z. ; if the 
instrument were to bo used for solar work only its mounting might 
bo much simpler and cheaper than the equatorials intended for 
accurate micrometer observations. 

r Phe first head includes Solar Spoctrology and that of Terrestrial 
Moments. It seems tome that its inquiries can be as effectually 
followed out at South Kensington with its present appliances de- 
sori I >o< l m Appendix IV. as inan observatory established for the special 
purpose. Throe things, however, occur to me as desirable: fl) no 
ohsor\ or ran be found for the spectral part more competent than 
hi r. J joekyer, but it would be well if some eminent chemist were asso- 
ciated with In tu who would be reponsible for the purity of the bodies 
subnuttod to examination ; (2) as the highest temperature employed 
will bo obtained by electric discharges, the currents which produce 
any notable phenomena should be measured, for I have no doubt 
that before long wo shall be able to determine the temperature of 
these discharges; (3) it is certain that the highest temperature 
winch can at present be produced is that of the spark of an induc- 
fomnn combined with a Leyden condenser, its intensity depending 
on the quantity of the current and the rapidity of the discharge. 
Now 1 wish to point out that quantity cannot be inferred from the 
length of the spark. Taking two mductona equal and equally ex- 
cited, if wo connect them consecutively the current of the pair will 
ho q p , equal to that of one, but the spark twice as long , if con- 
nected collaterally the current will be doubled, but the spark remain 
the same This rule holds for more than two, and it follows that 
for spectrum work a gi\en quantify of wire will ho most effective 
when divided into sections joined collaterally, but each of sufficient 
electromotive power to give a strong discharge through the vapour 
experimented on when combined with a condenser. My own instru- 
ment was made ho. At first it had two secondary coils, each with 
about three miles of wire, which with separate primaries were fixed 
on a, stand so that they could be connected in any way; these m 
aeries gave sparks of 9 i" between platinum points whon excited by 
four (1 roves , when collateral 4*4", their currents being as 1 000 and 
1 'ltd. 1 afterwards added two other coils, which doubled the last 
current. If is to be vogrottod that in Dr. Spottiswoode’s gigantic 
mduclorhim tho sections wore not kept separate, so that they might 
on occasion be used collaterally, 

(Signed) T. B. Bobinson. 


Front' Mr. J fen rtf K JJlavfonl, the Meteorological Reporter to the 
Government o f In diet, 

Calcutta, 7th March 1881. 

Your letter dated "1st December 1880, with the enclosed copies of 
Reports and Appendices on subjects connected with the appointment 
of the Solar Ohysics Oommitfoo and its labours, reached me some 
weeks since when travelling in Burma, and I havo deferred my 
reply until my return to Calcutta T 
K 824* 
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2. The subject of Solar Research, more especially in connexion 
With meteorology, is one in wlncli J lia\ o Ion# felt much interest, 
and my attention has been more particularly/lireeiod to the question 
of the probable variation of the sun’s radiant intensity. Jn the hope 
of obtaining better evidence bearing on tins question than that, 
afforded by the ordinary Solar thermometers, I commenced regular 
observations with Professor Balfour Stewart’s actinomctcr at the 
Ahpore Observatory, Calcutta, at the end of 1879. These Tiavo been 
continued up to the present time on all days on which the sky is not 
much obscured by clouds, and I propose as soon as the observations 
have been subjected to a preliminary reduction and tabulated to 
communicate them to your Committee. Mearnvh ilr the oi >sor vatious 
will bo continued with the same instrument 

3 A few months since T recoivcd from the Secretary of Stale two 
more instruments of similar character, intended for observation at 
Leh. Those I am having compared with the actinomcior m use at 
Aliporc, and they will eventually ho made over to Mr Roy Minis, or 
to such other person as may be appointed to take the observations at 
Leh 

4 Meanwhile I may observe that the experience already gained 
shows that at Calcutta ihe heating effect of the sun’s radiation is 
found to vary considerably on days on winch the sky is free from 
visible clouds, except in so far as tho presence of 'diffused clond 
may bo inferred from tho pallor of tho sky, and it appears to me 
that tho almost constant presence of ibis diffused cloud and haze is 
anobstaclo to actmometric observations, which must seriously detract 
from the value of the work at Calcutta 

5. Another class of observations which have been recorded for 
tho last .three years at the Aliporc Ohsen atory, and for nearly a 
year also by Mr. S. A. Hill at Allahabad, is that of ground tempera- 
tures down to a depth of 3 feet 

6. An abstract of tho results at Aliporc up fo March 1K80 is given 
at page 23 of the Ropori which T send by book post, and an abstract 
of the lator observations np to the end of .1 aim ary 1881 accompanies 
this letter 

7. I send a copy of a paper in which attention is drawn to some 
circumstances which evidently aifcct theso ground temperatures 
It appears to me that while they are of great interest from a 
meteorological point of view, they depend much more on the state 
of the atmosphere than on the radiant intensify of the sun, and 1 
am doubtful whether they are calculated to throw much light on the 
variability of the sun. 

8 When despatching tho acti nometric registers, I shall write 
again, and describe the conditions under which they have been 
kept. 

(Signed) Utoiy V. Blanpohd. 


JiMractfrom a Letter fro ni the TVarl of llosse. 

Birr Castle, 10th March 1881. 

I have been waiting in tho expectation of receiving tho further 
papers from tho Solar Physics Committee winch it was mentioned 
would afterwards bo sent, but perhaps I should not further delay to 
make a few remarks upon the only question included in those 
papers sent which I feel disposed to call attention to, that is that 
of ** Solar Radiation mow, so far as T can sec, Balfour Stewart’s 
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apparatus measures only the luminous rays oi* heat, those of low 
refrangibility being practically all stopped by the glass lens. 

Now, although the problem is cssontially different from that 
of the measurement of lunar radiant heat, where about 18 per cent, 
only of the total radiation passes though glass, still, I think, we 
should avoid such a disposition of the apparatus as will practically 
measure, not tho solar* heat which has penetrated through our 
atmosphere more or Joss laden with moisture, as would be the case 
with tho evposod thermopile, but thaL winch has also penetrated 
through glass. Taking the piles I usod for lunar radiation and 
the proportion, say, 1 to 80,000 for tho heat radiation, and say 
r>0 per cent, for loss at two reflecting surfaces of speculum metal, 
we should have to reduce tho aperture from (3G) J ["circular]] to 
V ( ft* om>o)= mm> = t\ °f an inch to got the same deviation of tho needle 
1 only reduced the aperture to or more, and lowered the magnet 
towards the needle to increase its directing force. Tho exposure is 
gi\cn by slightly moving a slide, with the hole in it placed at such 
a distance from the faces of the piles that the Bpot of sunlight may 
oo\ or tho same portion of tho iaee of each pile as that covered by 
moonlight in the telescope. Tho oil cot of this was to substitute 
alternately upon each pile a spot of sky containing tho sun’s disc 
for a closely adjacent spot not containing tho sun’s disc, all else 
remaining constant. The ovpcriment is so simple and the apparatus 
so cheap (10/ lor a Thomson’s galvanometer, and, [ suppose, a 
pound or two would provide the rest) that L should lancy it would 
ho worth making h t uiJiUHoti to that with Stewart’s apparatus. 

(Signed) I toss K. 


From Mr, //. O. UtmHl, the (lorontmoul Astronomer n N'oir tf<w,lh 

I Valeo. 

Sydney Observatory, 2(>ih March 1881. 

I duly received your loti or of J)oocmbor hist, 1880, together vviih 
the enclosures, for which I am very much obliged. It will give me 
tho greatest pleasure to do as much as care uni stances will permit to 
assist in such a pioimsmg investigation as that jii winch yon are 
engaged, hut with the very small stall 1 at my disposal 1 cannot do 
much. We have a daily weather map to publish, and regular 
returns from 181) meteorological stations, and tho heavy work 
uivolvod in preparing a catalogue of southern stars and the 
measurement of double sftirs. 1 have, however, all tlio necessary 
apparatus for photographing the sun on the American method, tho 
focal length ol the object lens being 53 loot; this 1 will get to work 
1 have also a photoheliograpli made for the transit of Venus, gning 
a picture of about 1* inches. I can use cither, hut from what' I saw 
ol tin* American transit photugraplis 1 am disposed to think that 
the horizontal photuhehogruph gives a sharper linage than tlu» one 
made by Dull mayor for the transit of Venus 

l shall ho very glad if you will aduHo me which is tho hotter 
instrument for your purpose. It will bean easy matter for me to 
get iilu s J)ulhuoyor pliotohehogruph altered so as to mako the 
photograph 8 inches instead of J* ns at present. I will also obtain, 
as soon as I know the maker, one of Professor JtjJlbur Stewart’s 
aetmomeiors for use hero. 

JVlay 1 ask you to toil the manufacturer to send me a copy r.f his 
price list, 

U 2* 
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I have one meteorological station at an. altitndo of 4,600 feet, and. 


may be able to make use of it, 


(Signed) H. 0. Russell. 


From Mr. Charles Carpmad , the Superintendent, Meteorological 
Office, Toronto, Canada* 

Meterological Office, Toronto, Canada, 
March 30th, 1881 

I regret that pressure of work has prevented my yet giving full 
consideration to your letter of the 31st Dcecembor 1880, relative to 
observations m connexion with solar physics or to the accompany- 
ing pamphlets. „ J1 

I shall endeavor to aid as far as possible in the work so iar as the 
instrumental appliances at my command will admit of. I should 
also liko to take the actmometric observations at this observatory, 
although they would not be as useful as thoso taken at great eleva- 
tions, and I have decided, if the price of the instrument is not beyond 
my moans, to purchase one for the use of the observatory. 

I very much regret that I have not a telescope hero to enable mo 
to prosecute the spectroscopic observations in which I have never 
lost my mterst, and which 1 hope yet some day to be able to take up 
again. 

I am sorry to say that Captain iVshe, of Quebec, has for some 
years past ceased to take solar photographs, so that, so far as 1 am 
aware, no observations arc being taken of the sunspots within tlio 

Dominion of Canada. _ _ 

(Signed) Ciiakles Cabj>mael. 


From Dr. T ITann , Vienna [undated, lid received on 4 th April 1881], 
Translation. 

k k. Ccntral-Anstalt fur Mcteorologio 
und JSrdmagnotismus. 

I beg to oxpross my sinccrcst thanks for the receipt of the publica- 
tions of the Solar Physics Committoe, which X read with the greatest 
interest and satisfaction. In the present position of meteorology 
any investigations on the variations of tho radiant energy of the sun 
aro of tho highest importance for tho progress of this science. 
Unfortunately I ana not at present m a position “do take any direct 
part in these investigations, but X shall at least endeavour for tho 
future to promote them in our own observatory. Continuous photo- 
registration of tlio variations in the three olomonts of tho magnetism 
of tho earth, and tho hourly recording of tho value of the same at the 
observatory here, may for tho present bo taken as an indirect assist- 
ance to rhe researches on the relation between the variations, in tho 
condition of tho snn and the variations m the physical condition of 
the earth’s surface. If I may be allowed to oxpress an opinion how 
the question of the variations jn tho intensity of the sun’s radiation 
on tho surface of the earth can perhaps m an indirect way be brought 
nearer to a solution, I would recommend that observations be taken 
of tho teinpeiature of the earth in India, especially in tho driest part 
of the N.W. Provinces, or ol tho Punjab, where tho penetration of 
meteoric water will have little influence on tho ground temperature, 
and whore the conditions of the population aro most favourable. 
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Loll in Thibet appears to offer 
for such obscrations. 


particularly favourable conditions 
(Signed) Dn. T. Hasn\ 


From Professor Newcomb, 


Nautical Almanac Office, Navy Department, 
Washington, D C. s 15th April 1881. 

1 have the honour to acknowledge receipt of your communication, 
circular, and papers of Docember 31st last, and of papers since for- 
warded by the Secretary of the Solar Physics Committee. 

My long delay m replying has arisen from the fact that I have 
given no such special attention to the subject as to form an opinion 
worthy of appreciable weight. _ I may, however, be permitted to offer 
a single suggestion, although it is one winch cannot have escaped 
the consideration of your Committee. 

In view of the fact that observatories especially devoted to 
astronomical physics and observations of tho sun already exist near 
Paris and Devlin, which observatories may be assumed to give 
records as good as any that can bo obtained in the unfavourable 
climate of Western Europe, it would seem that the most promismg 
direction winch now activities could now take, would he that to- 
wards establishing an observatory m a superior climate, and in a 
longitude as distant as possible from observatories now in activity. 
I \Cmild especially call your attention to a paper by Mr. S. P. 
Langley, presented to the French Academy of Science on the 21st 
ultimo, in which ho shows that the accepted determination of the 
amounts of solar energy received by the earth are largely in error 
from tho effect of atmospheric absorption. To make any real 
advance in this and similar directions it is necessary to have a situa- 
tion at the most elevated position and m the most transparent 


atmosphere practicable. 


(Signed) Simos Newcomb. 


From fh'ibhm Gapello, Observatory , Lisbon. 

Tiunslation. 

Lisbon, 18th June 1881. 

I am n,l)on t to make tv tardy reply to your interesting letter of the 
‘Usi December lust, which. 1 have not sooner answered inconsequence 
of <m>at pressure of business, the routine work of this observatory, 
wliu'li deprives me of all my time, and also on account of tho had 
slate of my health during tho early months of this year. For this 
ueuleet, 1 must crave your indulgence. 

In the first place, X congratulate yon on the great step which you 
and other scientific men of your great country have taken for the 
advancement of Solar Physios. I think that somo months experi- 
ments at. South Kensington will advance this beautiful science by 

1,l i n .avnScoly say enough on the chief points mentioned in your 

1< ( With reference to tho collection and publication of sunspots, I 
would man taint you that l possess a certain number of negative 
plates of the sun? about -t inches diameter taken during tho years 
Wii (tho end), 1870, 187-J-, and somo which are more recent. 
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Latterly I have found a great number of these negatives m a wi y 
bad .'state, for I had the bad habit ol employing bichloride ol 
mercury to strengthen them. 

Notwithstanding, T believe I may still have some dozens of plates 
which may not be found m your collections, and those I h.tstoit to 
place at the disposal of* the Committee J desired to continue those 
observations of solar spots, but since J ha\e seen M Janssen's lino 
work at Mention T am much m doubt as to its hung worth I lie 
trouble to take pictures as I did m former years. 

Nevertheless, I purpose taking* them again in July or \ ugust 
next. 


There is another subject which has a close connexion with sun- 
spots. This observ atory possesses a set of magnetometers similar 
to that at Ivew, which has been in action since Juno 18(>J. Tin* 
results have been published at different intervals, for the doc* li na- 
tion up to the end of 1871, for the total force, inclination and 
horizontal and vertical components up to 18(58, anti there are m.\v in 
the press these same elements up to 1872. 

In the research for perturbations we have followed (Jeuend 
Sabine's method. We have found serious dilliculties with the Indian 
and the vertical. With these two instruments this method i miners 
an error m the number and froquenc*} of the perturbations, print* i r nil 1 v 
m the vertical 1 * 7 


Ihese two instruments very often change the position of tnnii li- 
brium .after strong* perturbations* The co-efficient of temperature 
not being exactly known, there is always a variation from tin.* normal 
value at end of each month, due to the cli Her once of tempomduro 
All these causes falsify the results, when one employs the method 
of comparison between the values of each hour and the normal 
average of tha montli 


It is necessary to select and extract the perturbations, not diroefK 
from the hourly values, but from the diurnal partial variations ol 
each day, compared with the average diurnal variation of earl, 
month. The work is souuwhat longer, but the results are surer 
and more exact For this and other questions which relate !<> 
these observations it is most necessary that directors of establish- 
ments possessing magnetometers should agree together m order fo 
employ the same method m their researches, determination of con- 
* tan t, s » greatness of perturbations, &c. f &c* ,in order that their rosuliu 
may bo comparable. h 

As to actinometric observations, we have used JVJ Marie Davy's 
actinomotcr smeo 1877. Fov move delicate researches to ase.-Hidn 
the value ol the change of the actuuc power of the sun it would | )( > 
necessary to have a very long amen of observations, always makino 
Me ol the same instrument. M. Mario Davy’s acfiuomoter like ,M 
mercurial thermometers unceasingly exposed to the sun’s’ 
otten put out of working order oil account of the morem-v win Hi ’ in 

n » T’ UU fl if 1 3 41 1 0 tuboM .; and l>y bubbles of air which interpose 
Ihemselves m the column of mercury The scries becomes valid ^ 
i.hen one instrument is substituted lor another. 

I once more congratulate you that,, assisted by truly scientdio -men. 
j on arc making the science of Solar Physics and iU 1 

„„i 8lote 

(Signed) ,J. C/u'Bu.n, 


2*1 


War Department, 

Office of Mir Chief Signal Officer, 
Washington < hty, 

Sir, 'November Dili, I SSL 

you it \ allied communication of December i>lst, 1880, as you 
have already Icaruod, through some mishap failed to reach me, but 
a second copy, together with the enclosures, has been kindly for- 
warded and received 

You will be pleased to learn that the subject of Solar Physics has 
already boon considered by me as one of fundamental importance 
m Meteorology, and that 1 had already in April last taken steps 
toward the m\ estimation of the total amount of solar heat received 
by the earth; and to this end Professor S. P. Langley has during 
the last summer occupied the summit of Mount Whitney, Oak, 
where, at an altitude of o\er 1 I*, 000 feet, many important observa- 
tions have boon made, a full account of winch you will, of course, 
receive when published by tins Office. 

The general subject of solar aud terrestrial radiation is also being 
provided for by the introduction of Violle’s Conjugate .Bulbs and 
Mane Davy’s Conjugate Thermometers at a number of Signal 
Service Stations. Corresponding observations of the standai d 
aetiuomoter at this Office will, ol* course, lie made. Observations of 
the solar spots are made for this Office by Professor D. P. Todd, 
now of Amhcrsl, Mass. I shall bo glad to have these conducted on 
a system uniform with those of European observers, and will bo 
obliged to \<>u for any suggestion yon may make. .11 practicable I 
may e\ on entertain the proposition of maintaining a series of (Lilly 
photographs of the sun’s surface, unless indeed some other o( jour 
American correspondents may have already undertaken this woi k. 

With assurance of my high regard, 

I am, &o , 

.1. P B I 1a/, un, 

Bug. and Bvt. Maj. Coni , 

Chief Signal Officer, U.S. A, 

Professor C. C. Stokes, 

Science 4 ami Art Department, 

South Kensington, London, England. 
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I.— PROCEEDINGS OF THE COMMITTEE. 


1. Introductory, 

At the commencement of the period with which the pre- 
beat Report deals, December 1883, the Solar Physics Com- 
mittee was constituted as follows : — 

Professor G. (J. Stokes, Secretary R.S. 

Professor Balfour Stewart, F.R.S. 

Mr. W. H. M. Christie, Astronomer Royal, F.R.S. 

Mr. Norman Loeky or, F.R.S. 

Lieut.- General Straohey, R.E., F.R.S. 

Col. Donnelly, R.E. 

Capt. Abney, lt.E., F.R.S. 

Subsequently, in July 1885, the following were added: — 

Professor J. 0. Adams. F.R.S. 

Professor Rev. Dr. Pritchard, F.R.S. 

Rev. J. S. Perry, F.R.S. 

In November 1887 Professor Stokes retired from the 
Committee on his election as a, member of Parliament, and 
in the February following occurred the death of Professor 
Balfour Stewart. 

The Committee expressed to Professor Stokes the extreme 
regret with which they had learned his decision to retire, and 
they recorded their appreciation of the great value of the 
assistance which he had so readily and generously accorded to 
them. 

On being informed of the death of Professor Balfour 
Stewart,, the Committee recorded their opinion of the great 
loss which science has sustained by the death of ‘one whoso 
researches have been among those on which the science of 
Solar Physics has been based, 

Professor G. H. Darwin, F.R.S., and Mr. 11. Blanford, 
F*E.S,, having been invited to join the Committee, took 
their seats at the meeting held on the 9th March 1889. 


Since the date of the Iasi report, November 1884, the 
Committee have had 15 formal meetings, and 61 since their 
appointment in 1879. In addition to the discussions carried 
on at the meetings, several members of the Committee 
have undertaken and carried out special branches of inquiry, 
to which reference will subsequently be made. 

In accordance with the arrangements made on the appoint- 
ment of the Committee, Mr. Lockyer has continued in 
charge of the observational and experimental work carried 
on at South Kensington. 

The Committee have been in frequent correspondence 
with the Indian Government and with British and foreign 
men of science interested in Solar Physics. 

In their first Report the Committee included a, brief 
review of the state of knowledge of Solar Phenomena at 
that time, and of the steps being taken in this and other 
countries to increase it. Although this general statement 
was then thought desirable, as explanatory of the objects 
which the Committee had been formed to further, there 
care obvious reasons why a body constituted as it is should 
not appear to assume a position of authority in treating of 
the many questions that arise in connexion with Solar 
Physics, and they therefore do not propose to continue the 
publication of such a review as that above referred to. 

The more important subjects that have come under the 
consideration of the Committee since their last report was 
prepared will be briefly stated. 

2. Total Eclipses of ti-ie Sun. 
j Eclipse of 1883. 

Mr. Lockyer, on behalf of the Committee, entered into 
communication with the Royal Society Eclipse Committee, 
and the arrangements agreed to were reported at the 43rd 
meeting. These will be found in detail in Appendix No. I. 

Eclipse of 1886. 

In the eclipse expedition to the West Indies in 1886, 
organised by the Royal Society, the Solar Physics Committee 
was represented by Mr. Lockyer. The instruments employed 
by him were : — 

(1.) A coronograph, consisting of a long wooden camera 
fitted with a 6-in. Henry photographic object glass, 
and mounted on the head of his own 6-in. equa- 
torial ; 


(2.) A Dallmeyer photoheliograph with 4 in. photographic 
object glass belonging to the Greenwich Observa- 
tory, 

Mr. Lockyer was stationed at Grenada, but he was 
unfortunately prevented from making observations by the 
unfavourable state of the weather. 

A communication from Professor Tacchiui relative to the 
observations that it was desirable to make will be found in 
Appendix II. 

Eclipse cf 1887 . 

No special measures were deemed requisite in connexion 
with this eclipse, it having been understood that all needful 
steps would be taken by the Russian astronomers 

3. Solar Photographs and Tabulation of ti-ieir 
Results. 

A memorandum was presented by Professor Balfour 
Stewart, in March 1883 on the work necessary to complete 
the record of sun pictures up to the end of the year 1887. 
The Committee were of opinion that this is a very valuable 
and necessary investigation for the advancement of our 
knowledge of Solar Physics, and they requested the Astro- 
nomer Royal and Professor Balfour Stewart to consider 
and report on the above memorandum, and generally on the 
best method of tabulating sun-spot data (pee Appendix 
No III.). The suggestions made in this report were adopted 
by the Committee. 

A letter from Professor Stewart relative to the proposed 
method of recording daily information regarding sun spots, 
together with the observations of the Astronomer Royal and 
of Professor Stokes thereon having been considered, the 
Committee resolved that the rejection of spots near the limb 
was not desirable, and that it was expedient that the daily 
sums of projected areas should be given as well as those 
corrected for foreshortening. 

Tn view of the presumed superiority of the 8-inch photo- 
graphs of the sun over the 4-inch, it was resolved that the 
Indian Government be requested to revert to the 8-inch 
photographs, 12-inch photographs in addition being taken 
when the atmosphere is particularly clear, and that steps be 
taken to induce the Directors of Observatories possessing 
photoheliographs on the Greenwich pattern to have them 
adapted to take 8-inch pictures. 

In reply to an inquiry by Colonel Haig, R.E., i dative to 
silver and cyanotype prints of Indian photographs, and a 
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desire to know whether the latter will answer the purpose of 
the Committee, he was informed that the substitution of the 
cyanotype for the silver prints hitherto sent would break the 
series, and that, therefore, unless he is particularly anxious 
to do so, the Committee would prefer not to make the 
change. 

At the 52nd meeting, February 1886, Mr. Lockycr 
reported that all the Indian photographs, up to the date 
from which the work was taken up at Greenwich, had been 
reduced, the reductions to 1st January 1881 being ready 
for press. He suggested that the copy should be sent to 
Greenwich for examination. This was agreed to. 

At the following meeting, April 1886, the following 
arrangement was discussed and adopted by the Com- 
mittee : — 

1. The areas and positions of all spots and faculse on 

photographs obtained by the Committee, whether 
for past or current dates, to be determined by the 
Astronomer lioyal, for each day on which there is 
no Kew or Greenwich photograph, to supplement 
the Greenwich series, which lias been accepted as 
the standard series by the Committee. 

2. The photographs obtained by the Committee to be 

examined, and the best photograph for each blank 
day at Kew or Giecnwich to be sent to Greenwich 
for reduction, as soon as possible after their 
reception. 

3. The reduction for back periods to be undertaken as 

soon as the pressure of work caused by the recent 
maximum of sun spots becomes less. It will pro- 
bably be sufficient to limit these reductions to the 
determination of areas for each day, together 
with the approximate positions of such spots as 
have not been measured on the Kew or Green- 
wich photographs. 

4. The tabulated results from all photographs from 1885 

inclusive, to be printed in the “ Greenwich Obser- 
vations,” and, if desired, a number of separate 
copies, say 50, to be struck off for distribution 
by the Solar Physics Committee as part of their 
publications. The results from photographs 
previous to 1878 to be printed as an Appendix 
to the (C Greenwich Observations,” and a number 
of separate copies to be struck off for distribution 
by the Solar Physics Committee, the joint origin 
and nature of the work being stated. 
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5. To iunlitato work on spot spectra and discussions 

otncr than hose ot area and position of spots, the 
proois ot the Greenwich Photographic Results ” 
as soon as received to be sent to South 
Kensington, and also when required the Green- 
wich numbering of the spots observed at South 
Lvensington. 

6. Also, when required, negatives to be exchanged 

between South Kensington and Greenwich so%is 
to Form a second series in the Science Museum 
as a safeguard against loss by fire or otherwise. 

Mr. Lockyer was requested to prepare a specimen of the 
plate and accompanying data which he proposed to 
publish embodying the various information collected 
at diffei cut observatories ; also to obtain an estimate 
ot the cost ot preparation and of reproduction. 


Mr. Lookycr reported that it had become necessary to 
readjust the slit of the Photoheliograph and the cross wires, 
and requested authority to ask Mr. Dalhneyer to do this ; 
also to provide a tertiary magnifier, at an estimated cost of 
15/., to test the possibility ot obtaining large photographs of 
the sun spots in this manner. 


4. Solar Simsotroscopic Observations. 

In February 1886 Mr. Lockyer reported that 700 obser* 
various of spot spectra bad been made and 200 finally re- 
duced. The Committee directed that the observations 
should he printed and circulated together with the necessary 
maps, 

Mr, Perry was invited to prepare his observations on the 
spectra of sun spots between D and B in the same form 
as Mr. Lockyer’s observations in order that they may be 
published together. 

Mr. Lockyer reported that the spectroscope which had 
been lent by the Indian Government had been recalled^ and 
that the commencement of a series of observations taken 
under new conditions was thereby necessitated. A spectro- 
scope would be required. 

A communication was directed to be made to the India 
Office suggesting that spectroscopic observations of sun 
spots should be undertaken at the Elphinstone College at 
Bombay with the instruments which had recently been 
provided for that institution. 
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o Professor Koscob's Actinometer 

A suggestion having been made that the actinometer of 
this pattern, which was in the possession of the Science and 
Art Department, might be tried at Le, inquiry was made of 
Mr. Blau ford, the Director of the Indian Meteorological 
Department, which resulted in the proposal being dropped 
as arrangements for a continuous record could not be 
secured. 

6 Professor Balfour Stewart's Actinometer. 

The results of observations during the years 1884 and 
1885 made at Lc with this instrument were communicated 
to the Committee, and a note on the subject by Professor 
B. Stewart was submitted by him. 

It was reported that endeavours would be made to secure 
the continuance of observations with this instrument in 
India. 

7. Connexion between Solar Variability and 
Terrestrial Phenomena. 

Professor B. Stewart submitted a paper on a, comparison 
between sun-spot variability and terrestrial magnetic decli- 
nation inequalities of short period between 24 and 26 day s, 
which has since been printed in the Proceedings of the Royal 
Society. 

In reply to a request of the Committee, the Meteorological 
Council stated that they were not in a position to undertake 
an inquiry into the connexion between solar variability and 
terrestrial meteorology, which they thought might be better 
carried out in India, and they suggested that the co-opera- 
tion of the Indian Meteorological Department might he 
invited. They likewise stated their opinion that there was 
no instrument at present suited for obtaining regular records 
of solar radiation by ordinary observers, such as those on 
whom the Council had to rely. 

Professor Darwin, Mr. Blanford, and Captain Abney were 
requested to consider whether any instrument could be found 
or contrived which would supply a more simple and effectual 
means of observing the sun’s heat than the ordinary radia- 
tion instruments hitherto employed. 

8. International Co-operation in Sun Observations, 

Mr. Lockyer having undertaken, with the approval of the 
Committee, to confer with the directors of the principal 
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Solar Observatories in Italy and France on the method of 
observation and record of Solar phenomena, piesented a 
Report on the subject which will be found in Appendix IV. 

On consideration of M. Janssen’s recommendations (which 
will be found in his letter annexed to Mr.Lockyer’s Report), 
it was resolved that his suggestions were of such hioh 
value and practical character that they should be accepted 
as indicating the most suitable course to be followed for 
the further prosecution of the study of Solar Physics. 

It was also resolved that the first step should be the for- 
ma tion of a preliminary International Committee on organi- 
sation, and the Committee expressed a hope that the Science 
ami Art Department would obtain the necessary approval 
of Her Majesty’s Government. The Committee, however, 
thought it desirable, first, to obtain the opinion of the Pre- 
sident and Council of the Royal Society on these proposals, 
which in their estimation were of the highest scientific 
importance. 

On receipt of the reply of the Royal Society, which was 
favourable to the contemplated action, the Science and Art 
Department was requested to invite the under-mentioned 
men of science engaged in Solar research to meet in London 
in order to confer with the Committee on Solar Physics 
with regard to the co-operation of observers in all parts of 
the world in Solar research, and to consider the particular 
proposals made by Dr. Janssen— 

Dr. JBrcdichin, 

I)r. De la Rue, F.R.S. 

Dr. Huggins, F.R.S. 

Dr. Janssen. 

Professor Konkoly. 

Rev. S. J. Perry, F.R.S. 

Professor E. C. Pickering. 

Professor Respighi. 

Professor Ricco. 

Dr. A. Schuster, F.R.S 

Professor Sporer. 

Professor Struve, or his delegate. 

Professor Tacchini. 

Dr. Thollon. 

Dr. Tr6pied. 

Dr. H. E. Vogel. 

Professor Wolf. 

Professor C. A. Young. 
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In reply to this request the Committee received the 
following extract from a Minute of the Department : — 
cs My Lords consider the report of the Solar Physics 
Committtee of November 1882, together with their recom- 
mendation of the 19th December with regard to the esta- 
blishment of an organisation for promoting the study of Solar 
Physics by International Co-operation. 

With this recommendation my Lords entirely concur and 
are prepared to issue the necessary invitations to the persons 
named at such time as the Solar Physics Committee may 
deem desirable. 

<e My Lords understand that the recommendations of the 
Solar Physics Committee contained in their last report are 
being carried out as far as the means at the disposal of the 
Department permit, It would appear that the time has 
arrived when, whatever may he the outcome of the negotia- 
tions with foreign observers, a reorganisation of the functions 
of the Solar Physics Committee is called for The necessity 
for, and the lines on which, future work should be conducted 
having now been so clearly laid down by the valuable labours 
of the Committee, their services in future will be required 
more in supervision and consultation than in initiation and 
direction. And my Lords have arranged the future appro- 
priation of the grant for Solar Physics in the next financial 
year with this view with the Lords Commissioners of Her 
Majesty’s Treasury. 

“ While thanking the Members of the Committee for their 
past services, my Lords trust they may still count on their 
valuable assistance in the future. They propose to add Mr. 
Warren Dela Rue, F.E.S., D.C.L., LL.D., Mr. W. Huggins, 
F.R.S., LL.D., and the Rev. S. J. Perry, F.R.S., to the 
Committee, with Professor Stokes, Sec. RS., D.O.L., LL.D., 
as Chairman/’ 

Letters were accordingly written to the gentlemen above- 
named, inquiring whether, in the event of invitations being 
issued to a conference in London, it would be convenient for 
them to attend. The replies to this inquiry will be found 
in Appendix No. Y. They showed that it would be very 
difficult to hold the suggested conference, and the idea was 
abandoned, at any rate for a time* 

It was, however, resolved that a further communication 
should he made to the directors of the chief solar obser- 
vatories explanatory of the views of the Committee on the 
subject of international co-operation in the preparation and 
publication of solar observations* A copy of this communi- 
cation will be found in Appendix No. YI. 
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9. Status of the Committee. 

At the 55tli meeting of the Committee, held on 17th 
January 1887, Colonel Donnelly communicated the follow- 
ing extract from a letter received from Her Majesty’s 
Treasury and dated 14th January 1887 : — 

“ They (their Lordships of the Treasury) must also 
adhere to their decision to remove the grant to the Com- 
mittee on Solar Physics from this Estimate, reserving for 
further consideration the question whether it may he 
continued in some other form.” 

The Committee having been invited to state their opinion 
as to the continuance or abolition of the Committee, pre- 
pared the following memorandum • — 

In reply to the invitation of the Lords of the Committee 
of Council on Education to express our opinion on the 
proposed abolition of the Committee on Solar Physics, 
several members of this Committee have already shown 
their Lordships how serious a loss to the progress of science 
would be the cessation of the investigations and of the 
collection and discussion of data now carried on by the 
Committee. They have also pointed out that, so far as they 
are aware, there is no other body in the country in a 
position to take up this line of inquiry, which, in the opinion 
of so many men of science, has so important a hearing, not. 
only on the advancement of abstract science, but, also on 
the elucidation of industrial and commercial questions of the 
highest, importance. The Secretary ol the Science and Ait, 
Department has now informed the Solar Physics Committee 
that the Lords Commissioners of Her Majesty’s Treasury 
have determined to remove the grant to the Committee 
from the Estimates of that Department, reserving for 
further consideration the question whether it may not 
he continued in some other form. 

With reference to the question which it is stated is .to 
be reserved for further consideration, the Solar Physics 
Committee feel that it is right that they should point out 
that any break in the continuity of the work which they 
have been organising and conducting during the . last nine 
years will be most detrimental to the cause ol' science.. It 
would, moreover, render comparatively useless much of the 
work which has been already done, and the money which 
has been hitherto spent. 

The efforts of tlie Committee have been clitefly directed 
to securing daily systematic and continuous records of solar 
phenomena of every kind; of endeavouring to systematize 
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the work so as to ensure the greatest economy of time and 
labour ; and of trying new and improved methods of obser- 
vation. One of the main difficulties with which they have 
had to contend in endeavouring to utilise former work, 
carried on by different individuals at different places during 
the last half century, has been the existence of such gaps 
as would again follow if any break of continuity in. the 
systematic observations established through the action of the 
Committee were now to be permitted. 

They cannot too strongly insist upon the point that the 
chief value of such observations as those upon which they 
have been asked to advise lies in their absolute continuity. 

At present, in consequence of the organisation which has 
been established, daily s)stematic observation of the sun's 
surface are practically secured by the co-operation of* the 
Indian, Australian, and Mauritius Governments, photographs 
fiom one or other of these stations filling up the gaps in the 
Greenwich series. And considerable progress has been 
made in devising a satisfactory method of obtaining photo- 
graphs of sun-spots on a large scale with fiducial lines. 

The daily systematic observation of the spectra of sun- 
spots has also been secured, and already the results obtained 
from 700 sun-spot observations have indicated the extreme 
importance of this work. 

The daily systematic observation of the prominences lias 
not yet been added to the foregoing, but the Committee are 
at the present time in communication with the directors of 
various observatories, colonial nnd foreign, in all parts 
of the world, on this subject, and they were not without 
hope that before very long this also might have been 
added to the general record available for discussion by tho 
Committee. 

The Committee wisli it also to be clearly understood that 
the chief object it has had in view in endeavouring to get a 
complete record of all phenomena is to obtain from them tho 
information which may be of value either from the point of 
view of pure science, or of the application of science to the 
welfare of mankind. It may not bo unnecessary, therefore, 
to point out that eveu supposing other organizations could 
obtain these complete records, and could reduce thorn in the 
usual manner, even then one of the chief functions of the 
Committee would still not have been fulfilled. Any of the 
so-called “reductions” of the observations have for their 
object merely the setting out of the observations themselves 
in their best form, but what is required is to know what 
the observations teach us, and how the facts thus acquired 
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nmy be utilised in further inquiries, or for practical 
purposes. 

The Committee have already secured complete photo- ; 

graphite records of the sun’s surface from the year 1881 to 
the present time, and they have already begun work in 
several directions with a view of ascertaining what increase 
of our knowledge we may hope to obtain from them. The ' 

Committee have arranged with the Astronomer lioyal that 
the measurement and reduction of the solar photographs 
should be made at Greenwich. 

On the sun the unit of change, so to speak, is not a day 
or a year as with us, hut it is a period ol* about 11 years. 

The full meaning of each cycle of 11 years cannot be | 

grasped unless the observations are piactically continuous, 1 

and it would he an unscientific mode of procedure to I 

assume that every cycle is like every other — indeed we 
know that this is not so. A break now, therefore, in jj 

observations of the present cycle would not only prevent j 

us from securing complete observations of it, but would j 

react, detrimentally on our knowledge of all the others, f 

because our power of comparing one cycle with another i 

would bo lost. 

Further, our present knowledge leads us to see that if we » 

content, ourselves with observations o( the spotted area alone 
we may ho, discarding branches of work which from some 
points of view arc of higher importance. No study of the 
spotted area, alone, for instance, would have demonstrated 
the remarkable change in the temperature of the lower strata 
of the solar atmosphere which has been revealed by the 
spectroscopic observation of both spots and prominences, and 
it may ho that, in a not distant future we may find these 
indications of varying temperature to be most important 
from a practical point, of view. Bearing this in mind it is 
needful for us to point out that as a matter of fact the 
experimental study of the solar spectrum from the point of 
view of the origin ol the Fraunhofer lines and their appear- 
ance in various solar phenomena is not being carried on 
anywhere else but at Kensington. 

In what has gone before we have endeavoured to show 
how important it is that there should be neither break nor 
diminution in the work on which wc have been asked to 
advise the Government. 

We now pass to another point. 

The Lords Commissioners of Her Majesty’s Treasury 
appear to eonlemplalc that the various kinds of work under- 
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taken by the Committee should in future be done otherwise " 
than in connexion with the Science and Art Department. 

The work has already entailed much correspondence and 
arrangements with Colonial and other Governments, whiclx 
indeed have already voted sums for the purpose of assistance 
the work of the Committee by utilising favourable local 
conditions. On this account alone a close connexion between- 
the inquiries in Solar Physics and a Government Depart • 
men! is clearly essential. Further, the work which the 
Committee have done with the sum allotted to them and 
with practically no capital expenditure cither for build in 
or instruments, has been possible only because they luivtr 
been enabled to avail themselves of the resources afforded by 
the Science and Art Department and the Science School at 
South Kensington. 

Physical and chemical laboratories, complete electric 
installations, telescopes, trained photograph era, organisation 
for correspondence, assistance in performing the various 
experiments which the Committee lias controlled, all these 
exist already at South Kensington for other purposes an d 
must coniimte to exist, and they have been made available 
and utilised without any expense. The Committee think it 
only right to point out that if the work is to bo. continued at 
all arrangements at least as complete as those existing at 
South Kensington will be essential for the proper conduct of 
it, and that these will necessarily entail a large initial anil 
yearly expenditure. 

The Committee would remind the Government that l.lio 
question which was pressed upon the latter by the Duke of 
Devonshire’s Commission and the memorial of scientific men 
in 1877 was the establishment of a physical observatory 
similar to those erected by the German and French Govern- 
ments. It was, however, thought by the Science and A.vfc 
Department that the various means and appliances for 
investigation which at present exist in connexion with tiro 
Science Schools were of such great value, and could by 
proper management be so well utilised, that only small aid 
would he needed to render them thoroughly efficient for' lire 
purpose sought. It is on these grounds that the Committee^ 
have not hitherto found it necessary to advise the erection < >f 
the special establishment which would otherwise have been 
required to give effect to the recommendations of the Duke 
of Devonshire’s Commission. 

The Committee in making this representation have been 
guided simply by scientific considerations. While they have 
no desire to protest against their own abolition, or any change 
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of policy on the part of the Government, they wish to place 
on record their conviction of the national and scientific 
importance of the work which the Lords of the Committee of 
Council on Education culled upon them some years ago to take 
in hand, a conviction which led thorn to place their services 
freely at the disposal of the Government. 


B 


o 52344. 
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II. -WORK AT KENSINGTON. 

The following Report has been drawn up by Mr. Lockyer 
on the work done at South Kensington. His. conclusions 
based on the results of this work will be found in Appendix 
No, VII. 

(1.) Instruments. 

The instruments now at the disposal of the Committee are 

as follows: — . . , 

(1.) A 10-inch telescope equatornuly mounted, with decima- 
tion and right ascension circles, made by Cooke, of York. 
This is the property of the Science and Art Department, and 
was purchased for the use of students in the Science Schools. 
The eye end is adapted for a spectroscope attachment. 

(2.) A 6-inch equatorial hy Cooke, the property of Mr. 
Lockyer. 

(3.) A 6 -inch equatorial hy Trougliton and Simms, lent 
by the Astronomer Royal. A grating spectroscope is attached 
to the eye end of this instrument. This is used for the daily 
observations of sun-spot spectra. 

(4.) A photoheliograpb by Dallmeyer for taking 4-inch 
sun-pictures, lent by the Astronomer Royal. A new 
secondary magnifier and camera have been added, so that 
the instrument is now adapted for 8-inch pictures. 

(5.) A siderostat, made by Cooke, of York, lent to Mr. 
Lockyer by the Royal Society. 

(6) A 3|*inch achromatic telescope by Cooke, the pro- 
perty of Mr. Lockyer. 

(7 ) A 9 f -inch Browning-With mirror with tube complete, 
the property of Mr. Lockyer. 

(8.) A spectroscope with seven prisms of 45° made by 
Browning, the property of the Royal Society. This is used 
for solar work. 

(9.) A small grating spectroscope, the property of Mr. 
Lockyer. The grating is ruled on silvered glass, and has 
about 17,280 lines to the inch. The instrument is made so 
that the observing telescope can be replaced by a small 
camera. 

(10.) A grating spectroscope, the property of the Science 
and Art Department. The grating is by Rutherford and is 
ruled on speculum metal ; the number of lines per inch is 
about 14,000. The observing telescope has an aperture of 
2| inches. 
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spectroscope in which the scale is observed 
»v a second telescope clamped above the observing telescope 

0-0 A 3 -prism spectroscope by Hilger, the propertv of 
t . K ) .’ e P Mt ™ ent ; The collimator of this instrument fs about 
a tot, Q inches long, and the prisms are each 3 inches deep 
ami b inches edge. The dark slide used with the camera is so 
arranged that any part of the plate can be exposed to the 
spectrum ; in this way several parallel spectra can be obtained 
by successive exposures on the same plate. The photo- 
graphic lens used is a 4-inch rapid rectilinear by Dallmevpr 
the focnl length being about 16 inches. 7 * 

Spectroscope by Hilger, the property of the De- 
partment. In this the prisms are made of Iceland spar and 
the lenses of quartz. There is one prism of 60° and two 
halves of a prism of 60°, the prism having been cut into two 
equal parts by a vertical section through the vertex. One of 
the hsxTf-prisms is placed with the rectangular face immediately 
in front of the collimator lens, and the other with the rect- 
angular face in front of the object glass of the observing 
telescope. The observing telescope "can be replaced by a 
camera^ tbe lens used for photography being simply the object 
glass of the observing telescope. 

(14*) A Steinheil spectroscope with three prisms of 30° 
and one of 60°, the property of the Department. 

(15.) A direct- vision spectroscope mounted on a stand by 
Hilgex%.the property of the Department. 

(I G .) A Rowland grating spectroscope, the property of the 
Department. The grating is a concave one of about six 
fret in focal length, and has about 17,000 lines to the inch. 
The available surface of the grating is 5 in. x 2 in. It is 
mount; eel on a wooden frame in a hut facing the siderostat. 
The grating and eye-piece (or camera) are fixed one at each 
end of a board, the ends of which slide in a pair of grooves 
at riglxt angles to each other, and the slit is fixed at the 
intersection of the grooves. The distance between the 
grating and the camera is twice the focal length of the 
grating -mirror, so that the slit always lies on a circle de- 
scribed on that line as diameter. This being the case, all 
the spectra are brought to a focus at the camera. In this 
way a, normal spectrum on an invariable scale is obtained. 

(17.) Star spectroscope, by Hilger, having a prism of 60° 
and two half prisms. 

(IB.) A 6-inch prism for photographing star spectra. 

b 2 
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(19.) A dynamo-electric ran cliine and lamp, the property 
of the Department.. 

(20.) Intensity and quantity coils by Apps. 

(21.) Small induction coil by Apps. 

(22.) A battery of* ten large Bunsen cells. 

(23 ) A short focus 6-inch rapid rectilinear photographic 
lens by Dallmeyer. Also, a 12 x 10 pholo lens by Dali- 
meyev. Also, two 8^- x G.\ photo lenses by Dallmeyer. 

(24.) A 12 x 10 photographic camera with stand, throe 
double and two single slides, by Meagher. This was 
purchased out of the hinds at the disposal of the Committee. 
The 12 and 10 photographic lens before mentioned is used 
with this camera. 

(25.) An enlarging camera, 15 in. x 12 in. 

(26.) Micrometer reading to 100,000th of an inch, by 
I lilger, for measuring photographs of spectra. This belongs 
to the Department. 

(27.) A small heliostat for use with the spectroscopes, the 
property of the Department. 

(28.) A lathe. 

(29.) A 15-inch retouching desk, for the examination of 
sun-pictures. 

These instruments are in use by Professor Norman 
Lockyer in his laboratory or observatory, or are used for 
teaching purposes in the Normal School of Science. 

The equatorial instruments belonging to the Endian 
Government with which observations of sun-spot spectra 
have been made during the last seven years has been re- 
turned to the India Office, and has been erected at the 
Elphiustone College at Bombay. Other arrangements for 
securing the continuity of the observations therefore became 
necessary. The Astronomer Royal and the Museum autho- 
rities were consulted on this subject, and no objections were 
made to the employment of the 6-inch equatorial by Simms, 
which was then on loan to the Museum. This was erected in 
the observatory previously occupied by the Indian instru- 
ment, and the same spectroscope is being used. It became 
necessary to have an adapter made for this purpose, because 
the eye-piece end of the Simms instrument was not made to 
the same gauge as that of the Cooke, 

(2.) Observatory Buildings . 

1. The 6-inch equatorial by Simms has been erected, in a 
hut with a conical revolving roof, in the ground behind the 
F^hibition Road Post Office. 
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2. I lie 10-iuch equatorial, with the added Gautier photo- 
heliograph, is erected in a wooden observatory with a conical 
revolving dome. 

3. The Greenwich photoheliograph is in the hut originally 
constructed lor u»c m the Transit of Venus Expedition 
(1874). 

4. The bid cro slat is in a hut running back on a tramway. 

5. The Howland grating spectroscope is in a dark hut 
lacing the sidcrostat. 

All these are in the spare ground behind the Exhibition 
lioiid Post Office* and are all in a fair state of repair. 


(3.) Photo heliograph* 

The new instrument, to replace that sent to India* was com- 
pleted in 1885, and many photographs were taken between 
that year and 1886. It soon became obvious that there w'as 
something wrong about the secondary magnifier* because 
under very perfect observing conditions it was not possible to 
obtain the mottled surface of the sun in any way approach- 
ing to the perfection secured at Meudon. 

Professor Stokes was consulted on this matter, and the 
upshot of it was that the Department authorised the con- 
struction of a new secondary magnifier by Grubb* of Dublin. 

The photoheliograph was then re-erected alongside the 
tube of the 10-inch equatorial. Some time, however* elapsed 
before some of the fittings w r cre returned from Mr. Dallmeyer* 
and for the next 10 v\eeks the sun was rarely* if ever, 
visible in the observatory. A long time thus elapsed before 
there was an opportunity of testing the instrument on the 
sun. In the meantime* however* the magnifier was subjected 
to several tests. The cross-wires of the instrument were 
first replaced by a piece of tin-foil pricked full of holes ; 
then* the instrument being directed towards the sky* a photo- 
graph of the pin-holes uas taken on a plate 15 inches square. 
Soon after, at the suggestion of Professor Stokes, the tin- 
foil was replaced by a piece of silvered glass on which 
various dots and crosses had been scratched. This proved 
to be better than the pricked tin-foil* because there was no 
reflection from the sides of the holes. To get the best 
definition* it was found necessary to insert a quarter-meh. 
stop between the two lenses of the secondary magnifier. 

A series of experiments were also made with the view ot 
testing the performance of the 6-inch photographic object 

^ .... o j -flm Inner wofKien 


glass. The lens was fixed at one end ot tlie long wooden 
tube which was made for the Eclipse Expedition ot I8t>b. 
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The tube was mounted on Mr. Lockyerk fi-iurh {Ua t « 1 1 
in place of the ordinary telescope lube. In I ho p»eliiuin;u*y 
tests, the object glass wan directed (o a bright star and tin' 
image photographed; the telescope clock was .slopped m 
that when the plate was developed there wn ; a line black 
line instead of a mere speck, as there would have been ii* 
the clock had been allowed to drive. ('sunlly several 
exposures were made on one plate, the focus being altered 
each time, and the tube slightly moved in decimation so that 
the lines did not overlap. 

Afterwards Professor Stokes suggested (hat tin* object 
glass should bo covered with a. piece of card, out of winch 
there had been cut a sector of 120", thus leaving one thin! 
of the object glass available. This was done ami was found 
very useful, II the image oi a star was photographed \\ it bin 
the principal focus, the shape of the sector was reproduced. 
The image at the focus was of course a point, and on the* 
outside of the focus the imago was again a sector-shaped one. 
Commencing about an inch within the focus, several ex- 
posures were 'in ado on one plate, the back being moved out 
a little each time, and the clock being allowed to stand for 
about half a minute between every two surreasive exposures*. 
In tins way the position of the host, focus was determined. 

-these experiments were going on for about ten week**, 
the results in all cases being submitted to I Wessor Stoke* 
tor examination. 


During the summer many experimental photographs of the 

sun have been taken, but so far the results are not very 
promising. * 


(k) Spec 1 ros cop ic, Observations* 
a. Sim-spot and Prominence Spectra . 

° f ° n - °i oth ® r ° r U,e oquaturinln, <!»« nix-rim 

Hro Cx ? in ” 10(1 <roquontly uh poHnihlo, ami 
sionally a search is undo for prominences. Thin work ha,- 
been going on regularly since 1879. 

Until quite recently (July 1887) the results bear on* thom- 

api^Tt^’mi 1 - C PreVi ° ,W 700 <>1>H«rvution H; with t he 
approach to the mnmmun spot period, the iron and oflu-r 

nffertei? Jvf It !' 6 J ra( * l,a % Upcoming more and more 

r a f n5gf frf^ mn^nt 
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Up to August 1885, 700 observations of spots had been 
made, and these have been reduced and the results published.* 
For a short account of the results, see Spectroscopic Phe- 
nomena of Sun-spots, page 8 of this Report. 

Since August 1885 150 observations have been made. 
These have since been reduced, but have not yet been 
published. 

The results are almost perfectly continuous with those 
already referred to. 

Photographs of the spectra of sun-spots and prominences 
have been taken with a Rutherford grating. The spectro- 
scope was attached to the eye-end of the 6-inch equatorial, 
and an image of the spot or prominence was formed on the 
slit by the object glass. On one side of the grating was the 
camera, and on the other side a small observing telescope, 
so that the spectrum could be observed whilst being 
photographed. The whole spectroscope was provided with 
a tine adjustment independent of the motion of the telescope; 
in this way any inequality in the motion of the clock could 
easily be corrected. 

It was found, however, that the spot spectrum could only 
be focussed over a small region. 

The spot spectra showed some of the lines widened, and 
occasionally IT and K were reversed. 

The prominence spectra sometimes showed IT and K 
reversed, sometimes K alone. No metallic lines were photo- 
graphed, probably because the photographs were taken at a 
period of quiescence. 

A series of experiments has also been made on the spectra 
of the arc of a Siemens’s machine. It was shown that not 
only was there a separation of the lines of different elements 
at the two poles, but that in some cases one set of lines 
would appear at one pole while other lines of the same metal 
were seen only at the opposite pole. Other phenomena 
were also observed and recorded, such as the . inverse 
appearance of lines, in some cases one set of lines being seen 
alone, in other cases other lines of the same metal appearing 
by themselves. The various appearances of lines during 
reversal were also examined. 

b. Fractionation Experiments . 

Experiments have been made in conjunction with. Piofessoi 
Crookes on the fractionation of some chemical substances. 


+ Pfoc. R.fcJ No. 224, 1886 . 
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The substances experimented upon were the nitrates of 
calcium, magnesium* and iron. 

The original nitrate was fused al a red lioat until brown 
fumes were given off, the nitrate being .thereby partially 
decomposed into oxide. The soluble portion wan dissolved 
out with boiling water and separated from the insoluble 
portion by filtration. The filtrate was evaporated to dryness 
and called (+1) ; the residue was washed out and dissolved 
in nitric acid, evaporated to dryness, and caled ( 1 ). Each 

of these components, (+l)and (— 1), was treated in the 
same way as the original substance, and gave respectively 
( +2) plus the original and ( — 2) plus the original substance. 
This process was repeated on ( + 2) and ( — 2), and (-J- 3) and 
( — 3) were obtained. In the case of calcium the procesn 
was carried to (H-ll) and (—11), magnesium to (H- 16) and 
(—16), and iron to ( + 8) and ( — 8). 

So far, however, no notable differences between the spectra 
of the (+ ) and (— ) have been observed. 

The work has been temporarily discontinued in order that 
other work might be proceeded with, but will be resumed as 
soon as convenient. 

c. Oxy-hyArogm Flame Spectra, 

The spectra of most of the metals at the temperature of the 
oxy-hydrogen flame have been mapped. A Steinheil spectro- 
scope with four prisms was used, and comparisons were made 
with spark spectra. 

The greatest difficulty attending these observations is that 
of feeding the flame with the substance under examination. 
The usual method of introducing the substance into the 
flame on the end of a platinum wire cannot be employed a*s 
platinum fuses at the temperature of the oxy-hydrogen flame. 
For the spectra of iron and copper, fine wire gauze was found 
to gho the best lesults, as it was easily pierced by the flame 
and touched the flame on all sides. Most of the other sub- 
stances were made into a paste and burnt, on copper gauze, 
the lines of copper being easily separated from those belong- 
ing to the substance under examination. 

In several of the more important cases, photographs of the 
blue and violet parts of the spectra were taken. 

The observations are important as being the spectra of the 
metals at a temperature intermediate between that of the 
Bunsen flame and that of the electric arc. 

The number of lines of any one substance in the flame 
spectrum is very much smaller than the number in the arc 
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° r ’ s park spectrum. Thus between wave-lengths 5,100 and 

^°GO, Angstrom records 92 iron lines and Thalen 45; the 
1 n i no spectrum only contains 8 lines 0 for the same region. 
Similarly, copper gives 1 line where Angstrom maps 4. 

d. Spectra of Carbon Compounds. 

An extensive scries of experiments have been made on 
tlio Hpocirum of carbon. Since the commencement of the 
fc’v^iistreh in 1880 over a thousand photographs of the spectra 
i * 1 various compounds ol‘ carbon under different conditions of 
temperature and pressure have been obtained; of these 
t H‘t. ween two and three hundred have been kept as reference 
|>1 lotographs. 

r Xho general method employed for obtaining the spectra 
Iuuh keen to use dames, or to enclose the gases or vapours in 
hiss tubes provided with platinum points, and to illuminate 
them by electric discharges from an induction coil. 

1 > iff ‘event kinds of tubes weic used, giving spark discharges 
\* si ry mg in length from a quarter of an inch to twelve inches, 
anti in diameter from an inch to one fortieth of an inch. The 
t ul>os were usually of a compound form so that different 
conditions could be obtained without the necessity of charg- 
ing the tube each time. The end of the tube nearest to the 
spectroscope was provided with a clear bulb, so that when 
placed in a line with the collimator, light from every part of 
the spark passed through the slit. 

One end of the tube was connected with a Sprengel pump, 
and the other with an apparatus for pieparing the gas or 
vapour the spectrum of which was to be examined. All the 
joints and stop-cocks were made perfectly air-tight by sur- 
rounding them with mercury and glycerine. 

r rhc whole apparatus was first exhausted as far as possible, 
and was then filled with gas. This was again pumped out 
and the tube re-filled, and so on until the gas uas perfectly 
iYoe from air. Whilst this process of washing out was going 
on the tube was kept constantly heated, so that air and 
moisture could not adheie to it. Photographs were usually 
i a ken during the process of purification in order to ascertain 
1 1 a* effect of a small quantity of air or other residual gases 
upon the spectrum, 

’When flames were used, the jet was placed about two feet 
I roni the slit and an image was focussed on the slit by a lens. 

spool losoopc employed was one by Hilger, in whidi the 
collimator is about 5 feet long, and the camera adapted for 
quarter plates. As a rule, only one prism was used. 
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Besides the photographs, a regular series ot eye obs< rva- 
tions have also been made, so that there is a complete record 
of the whole spectrum. 

The general result of these experiments shows that the 
same compound gas under varying conditions ol temperature 
and pressure usually gives widely differing Hpret rn The 
spectrum gradually changes from one of Hidings to one ot 
lines as the tension, and probably the temperature, ot the 
spark is increased. The pressure of the gas remaining con- 
stant an increase in the length of the spark is accompanied 
by increased tension, and lines appear in the spectrum. 
Similarly, the length of the spark remaining constant an 
increase of pressure is accompanied by an increased tension, 
and a decrease of pressure by a decrease ol tension. Varia- 
tions of spark conditions are also obtained by the use of a 
Leyden jar or a jar and air-break. A gas giving a fluted 
spectrum when the jar is not used may give a hue spectrum 
when the jar is introduced into the circuit, or if the pressure 
be such that a fluted spectrum is obtained with the small jar, 
a large jar may break it up into lines. The photographs 
were tiken with the gases at gradually increasing or decreas- 
ing states of tension, by combining di tie rent, pressures with 
different lengths and strengths of sparks. 

The compounds of carbon to which attention has been 
directed include cyanogen, marsh gas, acetylene, benzene, 
carbonic acid, carbonic oxide, carbon tetrachloride, alcohol, 
and petroleum. The different compounds vary greatly in 
their behaviour when subjected to the same temperature; 
thus, the temperature at which benzene gives a certain set of 
carbon flutings is insufficient to give the same set from car- 
bonic oxide, and the temperature at which carbonic oxide 
gives flutings might be sufficient to give the line spectrum 
from benzene. These facts are mentioned to show the 
intricacies involved. 

Several groups of flutings which have been attributed by 
other observers to particular compounds of carbon, have been 
found common to the spectra of all the compounds experi- 
mented upon, in the absence of well-known groups belonging 
to the particular compounds, and it is therefore probable that 
such groups have their origin in carbon itself. 

The wave-lengths of the lines and flutings were determined 
by comparisons with the known spectrum of the electric arc. 

Several sets of carbon flutings occur in the spectrum of 
the electric arc, and these have also boon photographed and 
mapped. It maybe remarked that at the tip of the flame 
which often surrounds the negative pole, especially when the 
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current is being Marled or broken, there occur three sets of ' '' 

flutings which ha\e not been recorded by other observers. * 

Tnlike those occurring in the arc spectrum, these flutings p 

shade oft* toward,"' the red. j|! 

t . Sport ra of Start*, mth ,s pt't'itfl rrfemtrr to Carlton. i j 

Having obtained some, two or three hundred reference P 

photographs of carbon spectra under known conditions of , i 

temperature and preasuro, we are now prepared to undertake j 

an investigation of the nature of the carbon which is known i 

to exist in many of the stars. ! 

It is proposed to got comparisons of the star spectra with 
the spectrum of a known carbon compound enclosed in a 
(ieissler tube. The < Seissler tube will he placed in front of 
the object glass and a small lens will be introduced to render ic 

the rays of light from t hi*, tube parallel to each other. The ; 

Ueissler tube will thus be focussed on the slit at the same i 

time that a star is focussed. The tube being placed parallel J ■ 

to the slit, the spectrum of the carbon compound enclosed in I 1 

it will have a width equivalent, to the length of the slit, ! 

The image of the star will he allowed to travel over only a j 

small portion of the slit. In this way a double spectrum fP 

will he obtained — the spectrum of the star superposed upon i\ 

the much wider spectrum of the Ueissler tube. Any fj 

coincidences will be marked by an increased intensity in the || 

flutings composing the spectrum of the Ueissler tube where |) 

crossed by the star spectrum. 

The preliminary trials of this method have not proved 
very satisfactory, probably because the object glass of the 
telescope did not give a photographic image on the slit. The 
spectroscope employed was one in which the prism was made 
of Iceland spar, 

Experiments have also been made with the view of using 
a diffraction grating for star spectra. The grating, ruled on 
rilvercd glass, was placed inside the principal focus of the 
object gloss, so that when the telescope was pointed to a star, 
the star was focussed after reflection from the surface of the 
grating, In this way the spectrum could be obtained without 
the use of any Urns except the object glass. The photographic 
plate was placed at a distance from the grating equal to the 
distance, of the grating from the principal focus. . The 
spectrum thus obtained, however, would he without width; 
the necessary width was obtained by adjusting the grating 
so that the lines were parallel to the equator of the telescope, 
and allowing the clock to travel a little too slow or a 




little too fast. The fatal- thus had a motion lvlathely to th 0 
grating. The spectra obtained, however, wen* delioient, J n 
definition, probably because, aw before, the object glass did 
not form a photographic image. 

/. Spectra of Metals at different Temper at a res. 

Observations have boon made on the spectra ol* (lie metals 
at the temperatures of the oxy-hydrogen Ilame, electric are, 
quantity coil, and intensity coil, to endeavour to H n< l <m t 
the origin of the differences observed between tin* lines of the 
same chemical mibstance here in sun-spots and at Homo in 
prominences. 

As an example, the effect of temperature on the spectrum 
of calcium may be stated :*—(!.) At a low temperature wo 
get a spectrum of calcium which contains no tinea whatever 
in the blue; (2) when the temperature is increased - die 
temperature of a Bunsen burner is sometimes sullieient— wo 
getalinc in the blue at wave-length ; (,‘h) when we 

pass from a Bunsen to an electric lamp wo get this blue line 
intensified, and at the same time we get two now tines in the 
violet, named H. and IC. ; (4.) using a still higher temperature 
in the arc, we thin the blue line, and at the expense of ih a t 
line, so to speak, wo thicken the two in tin* violet, so that 
the latter equal the blue line in thickness and intensity* 
(5.) passing to a large induction coil with a small jar, we 
make the violet lines very much more prominent ; (}{,) ajn< | 
using a larger induction coil and tlm largest jar we nm get, 
we practically abolish the blue lino and get the violet lines 
alone. 


(5.) hVorh published {Spectroscopic), 

The following is a list, of paper* prepared l» v Mr. Luck- 
yer, and, at the dewre of the. Commit lee, eoninmnieatc.d l.y 
mm to the Royal hocicty since the .submission of the 
nnttee s last Report. 

« Note on the Eeeent, and Coming Total Solar KoIIom-h.” 
Received 17th November 1882. 1 

188st NCW F ° Vm ° f ^l ,cctroHW *I>«‘-'’ Keren ed ;>(h I >eeeml,er 

“ Fiuther Discussion oflhe Sun-spot, Spee.tra Observations 

fl 0om »“ u “‘«‘wl to the Royal Society 
b ^« t , ®? liU ^!‘>’ 81ca . Committee. Received f.lli ’May l HHfl 

s J Im - D “ cu “ mo “ Sun-Hpot < )|>ser\at,ions made at 
bonth Kensington. Received 8th January 1887, 
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“ Researches on the Spectra of Meteorites.” Received 
4tli October 1887. Addendum. Received 1 5th November 
1887. 

“ Suggestions on the Classification of the various Species 
of Heavenly Bodies.” (Bakerian Lecture.) Received 
21st March 1888. 

<c On the Spectra of Meteoric Swarms in the Solar System.” 
Received 22nd November 1888. 

*' On some Effects produced by the hall of Meteorites on 
the Earth.” Received 22nd November 1888. 

“ Suggestions ( , n the Origin of Binary and Multiple 
Systems.” Received 22nd November 1888. 

“ On the Spectrum of Saturnn Rings.” Received 7th 
February 1889. 

“ On the Spectra of Meteor Swarms/’ (Group III.) 
Received F ebruary 



APPENDIX 1. 


Government Eoltpsk Expedition, is.sffi 


Instructions to Observers. 


1. In case of any difficulty at any port either on 
out or coming home, Mr. Lawranec to hand Imivign ( 
letter herewith to the British Consul at that port and as ] v 
his assistance. 


2. On joining the American party Mr. Law ranee and 
Mr. Woods to report, themselves to the astronomer in 
charge of the expedition and to hand him the aeeonipanvino 
letter, taking his advice and following his instructions With 
reference to the transference of the instruments to the 
ship of war. 


3. On arriving at the place of observation the instruments 
to he erected on a site to be chosen by the American astro- 
nomer in charge. 

4. Packing cases to he reclosed up as far ns possible and 
to be protected from damage and the weather. Can* to he 
taken not to damage tin cases. 


. 5 - Th e gratings to be kept, together and special precau- 
tions to be be taken with regard to them, as also with the 
silvering of the siderostat mirrors. Mr. Lawnmce to <.| V c 
special attention to this point. 

6. For as many days as possible before the eelip-e all 
the instruments to he arranged as during the eclipse,' ami 
from 11.28 a.m. local mean time to 11.48 local mean time 
complete rehearsals of all the observations intended to be 
made during the eclipse to be most rigidly carried out. 

7. A statement of the days on which these rehearsals have 
been made to bo given in the report of the operations. 

8 ' If - t i e ., afor ? said , timC8 drived iV»m Mr. Hind do not 
agiee with the tunes determined by the American astrono- 
mers, the instructions of the astronomer in charge arc to bo 


9. Instruments to be focussed and tri 
possible, at least two days before totality , 
to be carefully preserved. 7 * 


III pluUw faluuu if 
These {Hal plates 
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X O. The rehearsal on the day before the eclipse should be 
a ooinplete rehearsal , with photographic plates exactly as 
during the eclipse itself, and these plates to be developed at 
once and brought home. 

XI. The observers should confer with the American 
astronomer in charge regarding time signals before and after 
totality. 

12, If additional observing power can be obtained from 
iho American party, the additional observers to be trained 
to obtain photographs with the photoheliographs, and if 
desirable, the time-table for that instrument to he handed 
over to them, they being placed in entire charge of that part 
of the operations. 

13. If such assistance cannot be afforded, then, if the 
photoheliograph programme cannot be carried out in its 
entirety, the large pictures to be alone attempted. 

1 4 Special attention to the rating of the clocks, including 
the eclipse clock and siderostat, to be given at least three 
days before the eclipse. 

1 5. A quarter of an hour before totality, clocks to be 
wound, and caps and stops, which had hitherto been used to 
diminish the amount of light, to be removed if necessary. 

1 0. The timekeeper should be asked to give these instruc- 
tions in a loud voice, as experience has shown that they are 
apt to he forgotten. 

1 7. In the observations and adjustments during the eclipse 
no deviations from the time-table and adjustments to be made 
exicept after consultation and with the approval of the 
American astronomer in charge. 

1 8. The clockwork of the integrating spectroscope to be 
so adjusted that the plate will fall through 1 inch in 8 
minutes. 

L 9. The distance of plate from concave grating to be that 
given by Captain Abney for vertical distortion. 

SO. In equatorial the slits to be parallel and vertical in 
the meridian and their centres lying on the same part of the 
nun. 

21. All the slits to be jfo in.=No. 2 on Captain Abney’s 
Horevv, with the exception of the integrating spectroscopes 
which should be in. 

22. At some convenient time, say 100 seconds, near the 
middle of totality the slits of equatorial to be brought to the 
point of re-appearance, 
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23. The plates to be developed and copied at. I be first 
convenient time after the eclipse is over. 

24. Half the positives and half the negatives to be handed 
to the British Consul at Callao, to be forwarded to the 
Foreign Office for transmission to the Science and Art 
Department by the next mail after that by which the 
observers leave. 

25. On arrival at Callao a cypher telegram to he* despot (died 
to Secretary, Kensington Museum, London, giving the results 
obtained with each instrument and stating any oilier matter 
of importance. 

26. Great caro to ho taken in replacing the instruments 
after the eclipse. Tin cases to be rcclosed. 

27. A detailed report to be prepared before arrival at 
Callao of the general results, to be posted to me immediately 
on arrival at Callao, in case of any delay on route. 

28. If a convenient opportunity arises for sending this 
report from the Marquesas, this course to be followed as 
well as the other. 

29. It is to be understood that the records of the eclipse 
are the property of the British Government. 

30. In case no pictures are taken with the small photo- 
heliograph, Mr. Lawranee is requested to ask the American 
Astronomer in charge for an oriented positive of the corona 
1,0 facilitate reference here. 

31. Mr. Lawranee is empowered to hand to the American 
astronomer in charge positives of any of the pictures taken 
by the English party which he may require for a similar 
purpose, and to obtain a receipt for them. 

W. SroTTiswooDE, RR.S. 

J. Norman Lockyer, 

16th Feb. 1883. 
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Code for Cypher Telecj 

ram . 


Very qood . 

Good. 

Indifferent. 

Bad . 

Very bad • 


— 

" 

— 

— 

Bad 

bell 

bird 

bog 

bust 

Can 

cent 

cinder 

COW 

cut 

Day- 

den 

dip 

dog 

dust 

Far 

fetch 

% 

frog 

fun 

Gas 

get 

gill 

gold 

gum 

Hall 

hen 

hit 

hold ° 

hunt 

Kappa 

keg 

king 

Koch 

Kulme 

Lamb 

length 

light 

lot 

lump 

Mad 

mess 

mint 

most 

muff 

Nag 

nest 

night 

now 

nut 

Pan 

pelt 

FS 

port 

pull 

Rag 

rent 

right 

rot 

rust 

Sap 

sell 

sing 

sort 

sum 

Tar 

tent 

tin 

told 

tug 

B = 

6 prism on 

equatorial. 




0 = double grating on equatorial. 

D = dense prism on portion of 6-inch equatorial 
E = Integrating Rilger. 

G = Red end slit. 

II = Red end prismatic camera. 

R = 1 st order blue Rowland. 

L = 2nd „ „ „ 

M = 4-inch photoheliograph. 

N = small „ 

P = 

R = 

S = 

T = 

o 52344. 0 
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Adjustments . 

B. 7-prism spectroscope. 

F. line in centre of plate, 

C. Flat grating spectroscope. 

First order. 

F. in centre of plate 
Second order. 

F. in centre of plate. 

D. Dense prism. 

F. in centre of plate. 

F. Integrating Hilger (Flash). 

G. in centre of plate. 

G. Red end slit. 

H. Red end prismatic camera. 

K. First order blue. Rowland. 

F. in centre of plate. 

L. Second order blue. Rowland. 

H. in centre of plate. 

M. 4-incli photolieliograph. 

See that sun runs along horizontal wire. 

N. Small photolieliograph. 
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Form for recording Observations. 


c 2 
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SlDEKOSTAT. 


Rowland Grating. 


Prismatic Camera. 


1st Order. 2ndOrdor 


Slit Spec- 
troscope 

& prism. 


Minutes. 

10 

9 

8 

7 

6 


ref. spectrum 30 scs. 


Seconds. 

60 

40 

30 

20 


1 

Totality- 

300 

290 

2S0 

270 

260 

250 

240 

230 

220 

210 

200 

190 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Just before end 

Seconds. 

1 

2 

3 

4 


expose and start clock. 


expose, expose, 
expose, expose. 


expose, expose, expose col. plate. 


shut. 

expose gel. plate. 


shut. 

expose col. plate. 


expose, expose. 


Minutes. 

1 


shut. shut. 


2 sec. 



33 



Equatorial. 

PHOTOHELIOGRAPHS. 


Oral mg'. 

1-meli Slide. 
Dense prism 
h\ 

Largo Photo- 
heliograph. 



i<\ im 

1st Order. 

P. Blue 
2nd Order. 

Coiona Camera. 

i 








expose. 

expose. 





expose. 

expose. 

expose. 

expose. 

expose. 

expose. 

expose. 

expose. 

expose. 




run 1-ineh. 


expose. 



v I *< >JSC\ 

expose. 

expose. 

expose, 

expose. 

expose 1 sec 






expose 20 sec. 




expose. 

expose 

expose 






shut. 






expose 3 see 





expose. 

expose 10 sec 






expose 2 sec. 

x pose. 

CXpONO. 

expose. 

expose. 

shut. 



run i-inoh. 






expose. 

expose. 

expose. 






expose. 



r%f>080. 

expose. 

expose. 

expose. 






expose. 



HI HOC, 

shut. 

10 set*. 

shut. 

10 see. 

expose. 

shut. 

1 see. 

run. 

run. 
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APPENDIX II. 

Note by Professor Tacchini on Eclipse of 1886. 

Je crois que 1 a question de la pla.net e intermercuriale n’est 
pas resolue d’une manibre satisfaisante. M. Holden et M. 
Palisa ont fait, k Caroline, tout ce qu’il dtait possible aveo 
tine lunette parallatique, oui ils ont accompli trds-bien la 
partie dont ils etaient charges, mais on ne peut pas conelure 
pour cela que la planete ou les planetes n’existent pas entre 
Mereure et le Soleil, car un examen avec lunette pendant 
une Eclipse, m^me de 6 minutes, ne peut se . faire que pour 
un nombre tres-restreint des dtoiles assess brillantes et par 
consequent la decouverte obligerait k admettre que la planete 
est d’une certaine grandeur pour dtre tout de suite apergue 
dans des conditions aussi exceptionnelles pour l’observateur. 
Done il fautdtuclier la maniere d’employer uniquement la 
photographie pour cette recherche et avec plusieurs instru- 
ments. Aprfes il y a la question de la couronne et des 
panaches, car les photographies prises jusqu*& present ne 
valent pas grand’chose : il faudrait partager les operations 
et employer une machine pour chaque recherche k faire. 
Les protuberances blanches que j’ai vues a Caroline ne sont 
indiqudes dans aucune photographie : seulement k l’observa- 
toire de Washington, avec M. Harkness, parmi ces nombr eases 
plaques, nous avons trouve quelques photographies seulement 
qui montraient quelques indices de la chose ; il y a done 
beaucoup a faire encore pour obtenir de bonnes dpreuves; 
aussi les panaches vus avec ma lunette n’ont rien k faire avec 
| les photographies de M. Janssen, et M. Janssen aussi m’adit 

que la chose est bien differente. Et m&me pour la photo- 
graphie des spectres, il y a raison de prdtendre un travail 
t mieux ddfini, e’est-a-dire on doit chereher k faire des photo- 

j graphies qui donnent vraiment les spectres Isolds tant qu’il 

sera possible, de protuberances, des panaches, de la couronne, 
etc. ; sans oublier les observations directes, mais faites avec 
des instruments propres et avec un programme bien defini. 
Pour arriver k faire tout il faut beaucoup de monde, de bons 
instruments et une Eclipse d’une durde assez longue. L’dclipse 
aura lieu en 1886. L’instrument et les observateurs ne 
i peuvent 6tre foumis par une seule nation. On pourrait done 

proposer une soeidtd pour l’eclipse de 1886. En 1884 ddfinir 
le programme, 1885 les experiences k faire, et en 1886 aller 
, observer l’dclipse. 


i 


P. Taochiki. 
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APPENDIX III. 

Tabulation of Sun-spot Data. 

(1.) Report of the Astronomer Royal and Professor Balfour 
Stewart on the best Method of tabulating the Sun-spot 
Data now available. 


1. In a Catalogue of solar pictures and photographs form- 
ing an Appendix to the Report of the Solar Physics 
Committee will be found a nearly complete specification of 
the material available for the purpose of carrying into 
effect the first recommendation of that Report, which advo- 
cates the importance of collecting and publishing the existing 
information regarding sun spots. 

2. In order to render the reduction and publication of this 
back work as useful as possible* two things would appear to 
be necessary. 

In the first place the record should be rendered as com- 
plete as possible by means of the contributions which the 
directors of the various solar observatories have kindly 
undertaken to give; and, in the second place * the Com- 
mittee should endeavour to obtain a numerical estimate of the 
accuracy of the various contributions which they hope to 
receive. 

3. For this latter purpose it will be desirable to regard 

the Kew series while it lasts* and after it the Greenwich 
series, to both of which easy access may be had* as standards 
with which a certain number of comparisons should be niade 
in the case of each observatory. As regards the estimate 
of accuracy of the results obtained at these standard obser- 
vatories, it is to be remarked that both in the Kew and 
Greenwich series there is a large number of days on which 
two photographs have been measured* and a simple com- 
parison of the results would give the desired information. 
Thus each solar observatory will be asked to contribute in- 
formation for certain days when there was no photograph 
taken at Kew or Greenwich ; and also a small additional 
amount of such information for certain days when photographs 
were taken at Kew or Greenwich with the view of com- 
parison with these pictures. # . _ 

As there arc several solar establishments it is hoped that 
the call made upon any one of them will not be found very 
burdensome. 
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4. We would recommend that in future measurements 
the spot should be taken as the unit rather than the group, 
and that the area and heliographic longitude and latitude 
of each spot (or cluster of small spots) be determined for 
every day for which a photographic record exists. 

This substitution of the spot for the group will entail 
comparatively little additional labour in calculation, inas- 
much as all determinations of the areas and positions of 
groups are derived by bringing together the con’esponding 
measurements of their spot components. The published 
results would under this system occupy, no doubt, a greater 
space th in if the group were adopted as the unit ; but the 
possibility of deducing important scientific conclusions 
regarding the relative behaviour of the components of a 
group would be preserved, while it would entirely disappear 
if the group were taken as the unit. 

5. Further, it appeal’s to us desirable that the daily areas 
of faculse (accompanied by lough measures of position- 
angles and distances from the sun’s centre) should also be 
determined. 

6. In the tabulation of results it is desirable to keep to 
one uniform system, and we would therefore recommend 
that the form employed in the Greenwich Photographic 
Results he adopted. 

7. The following table shows the number of days on 
which photographs were taken at Kcw or Greenwich, the 
number of days on which photographs taken elsewhere are 
available to fill the gaps in the Kcw or Greenwich series, 
and the total number of days in each year. 


Number of Days on which Photographs arc available. 


Yeai. 

Kew. 

Other 

Observatories.* 

'ratal. 

1863 

. 


131 

62 K. 

193 

1864 

- 

- 

161 

44 E. 

205 

1865 

- 

- 

146 

47 K, 

193 

1866 

- 

- 

158 

57 E. 

215 

1867 

- 

- 

144 

63 K 

207 

1868 

- 

- 

140 

45 E. 

185 

1869 



168 

48 W. & E. 

216 

1870 

- 

- 

218 

59 a, W., & E. 

277 

1871 

- 

- 

205 

65 C.,W.,&E. 

270 

1872 


" 

37 

230 0., W.,&E. 

267 


* In this table E. denotes Ely ; W., Wilwi ; C., Cambridge, U.S. ; 
Ma., Mauritius ; Me., Melbourne ; Mo., Moscow 



37 



Y ear. 


Greenwich, j 

Other 

Observatories. 

Total. 

187a 



64 

178 C., W.,&E. 

242 

1874 

- 

- 

163 

63 C, W.,&E. 

226 

1875 


- 

161 

128 C., W., Ma, 
Me., Mo. 

289 

1876 

- 

- 

163 

150 0., W., Ma., 
Me , Mo. 

313 

1877 



169 

117 C., W.,Ma, 
Me., Mo. 
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W* o now proceed to discuss the various series of obser- 
vations. 


Schwabe' s Observations . 

H- In the Catalogue already referred to there will be 
found recorded under their appropriate dates the total 
spotted area for each day when Schwabe took a sun picture, 
these results extending without interruption from the begin- 
ning; of 1832 to the end of 1853. Besides this continuous 
scries for which Schwabe was the sole observer* it will be 
found from the Catalogue that certain pictures of Schwabe’ s 
are coincident in point of time with ceitain pictures of the 
lied 111 11 and of the Kew series. Means thus exists for deter- 
mining the numerical accuracy of Scliwabe’s pictures* and it 
seems desirable that such a determination should be made. 

Re d hill Series. 

1). In bis publication entitled f Observations of the Spots 
on t.lie Sun, fiom November 9, 1853, to March 24* 1861”, 
Carrington lias given a detailed account of his method of 
observation, and has exhibited the heliographic positions of 
the various spots observed by him on the sun’s surface. 

Carrington’s pictures were accurate sketches from eye 
observation, and not photographic records. Nevertheless, as 
there are a few days on which pictures by Carrington* and 
photographs at Kew were taken simultaneously* it would 
be desirable to endeavour to obtain from these simultaneous 
records a numerical estimate of the value of Carrington’s 
observations. 

1(). The positions given by Carrington are not those of the 
centres of mass of the various groups* but of the individual 
members of each group. It will therefore be necessary to 
obtain the former from the latter. This may be easily done* 
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inasmuch as sufficiently extensive measurements ol the areas 
of each member of each group have been made by Mr. J)e 
La Rue and his colleagues — indeed the materials lor obtain- 
ing the mean latitudes of each of Carrington’s groups are 
very nearly complete and little more will be necessary than 
to obtain the mean longitudes. 

The areas of the various spots have been measured by 
Mr. Loewy, and a selection of these should be remeasured 
in order to verify the accuracy of Mr. Loewy’s determina- 
tions* 


Mr. Hewlett's Observations . 

11. The Rev. F. Howlett has made a long series of careful 
drawings of sun spots. The regular series began in 1859, 
and was carried on methodically for about eight yews, and 
drawings were occasionally made from thenceforward to the 
present time. The spots or groups of spots were drawn on 
a screen on a large scale (1 inch = 1' in the earlier drawings, 
and = 30" in the later), an image of the sun being pro- 
jected on the screen. The features of the spots or groups 
were thus depicted; and on account of the largeness of the 
scale the spot or group was cut out from the screen, and is 
alone preserved on the large scale ; but drawings were made 
almost simultaneously on a smaller scale (1 inch = {)' 40'') 
giving the positions on the disc of the spot drawn on the 
large scale. The drawings made from 1859 to 1 S7-1 have 
been presented to the Royal Astronomical Society. 

The Ely Photographs . 

12. These began and ended nearly two years later than the 
Kew series. They were taken by the late Canon Selwyn, 
whose widow gave the pictures to the Royal Society, in 
whose possession they now are. 

The day of observation of each picture is known, but the 
exact hour is not recorded, nevertheless it is believed that 
information on this point exists in the possession of the Solar 
Physics Committee. 

13. There are a good many cases in winch a picture wan 
obtained at Ely but not at Kew. In these it would be of 
great importance to obtain the areas of the various groups 
recorded in the Ely pictures. 

14. Unfortunately there are no fiducial lines in the Ely 
pictures, but it may nevertheless prove possible to obtain from 
these pictures approximate determinations of the position of 
certain groups which might be better than not knowing their 
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positions at all. This information would only be of service 
for such groups as are not recorded at all in the Kew 
pictures, if there be any such. For these reductions it will 
be necessary to obtain the loan of the Ely pictures from the 
Royal Society. 


Kew Photographs . 

15. Mr. De La Rue has obtained determinations of the 
areas of each. Kew group of sun-spots. He has likewise 
caused a certain proportion of these areas to be remeasured. 
This will give the means of estimating numerically the 
precision of these area determinations. 

16. Mr. De La Rue has recently presented to the Royal 
Society the heliographic positions of. each spot of each Kew 
group along with a classification of these into ten relative 
magnitudes. It will be necessary for the purposes of the 
Soiar Physics Committee that from this MS. the heliographic 
positions and relative magnitudes of each individual member 
should be brought together for each sun-spot group, then 
weighting each member according to its relative magnitude, 
the positions of the centres of mass of whole groups might 
be determined with sufficient accuracy to suit the objects of 
the Committee. 

It would be desirable to remeasure and recalculate the 
positions of a certain number of the Kew groups (if this has 
not been done) in order to be able to estimate numerically the 
precision of these determinations. 


Photographs of other Observatories. 

17. It frequently happens that on days when no picture 
can be taken at Kew or Greenwich pictures have nevertheless 
been taken at other places. 

It will be necessary in such cases to make use of the good 
offices of the directors of these observatories in order to render 
the catalogue complete. 

The most suitable principle in making such applications 
would be not to lay an excessive burden upon any one insti- 
tution, but to distribute the work required in an equable 
manner amongst them all. 

18. It would, however, be extremely desirable for those 
days which are blank for Kew or Greenwich to have mea- 
surements of areas from two different stations if possible — 
more than two would be superfluous. 

With regards to positions the measurements of these from 
a single station would suffice. 
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19. The method which we would propose for obtaining 
these measurements and securing their accuracy is best illus- 
trated by an example. Referring to the catalogue of Solar 
Photographs for 1871, it will be found that on July lOtli 
pictures were taken at Kew and Wilna. On July 11th and 
12th pictures were taken at Wilna but not at Kew, while on 
July 13th pictures were taken at Kew and Wilna. In this 
case the Director of the Wilna Observatory might be asked 
for the areas and positions of the various groups of spots for 
the four days July 10th, 11th, 12th, 13th, the determina- 
tions for July 11th and 12th being required to fill up gaps, 
while those for July 10th and 13th would be necessary 
for comparison with nearly simultaneous Kew pictures, one 
object amongst others of this comparison being that by its 
means a numerical estimate of the precision of the Wilna 
determinations might be obtained. 

Furthermore, to enable the Director of the Wilna Obser- 
vatory to identify the groups, copies on tracing paper or 
otherwise of the Kew pictures of July 10th and 13th would 
be sent to him. 

But it would probably not be necessary on all occasions 
to request from the foreign observatory a re measurement of 
pictures common to Kew, such as those of July 10th and 
13th, in this illustration. It would, however, always be 
necessary to send to the foreign observatory sketches or 
tracings of such common pictures. 

20. It is apparently unnecessary that the various obser- 
vatories should be troubled regarding details of their 
reductions, inasmuch as approximate accuracy is all that the 
Solar Physics Committee desire, and the standard which 
would satisfy the Director of a Solar Observatory would 
satisfy the Committee. 

Furthermore the proceedings described in Arts. 18 and 
19 of this report would probably be a suffi cient safeguard 
against the occurrence of mistakes. 

21. Should it be very inconvenient to an observer to give 
the heliographic positions of eacli group for each day for 
which these are asked, it seems possible that two determi- 
nations of these, as far apart as possible in the lifetime of 
each group, might be sufficient to serve many of the purposes 
of the Committee, nevertheless it is desirable that the cata- 
logue of such positions should, if possible, be complete. 

Greenwich Pliotogvapks . 

22. After the Kew series ceases it is proposed that 
Greenwich should become the standard station. 
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The areas and , positions of the various groups of the 
Greenwich series are already published. ° 

The Astronomer Royal would undertake to furnish such 
tracings of certain of the Greenwich pictures as it may be 
necessary to send abroad for the purposes herein indicated. 


Suggested Mode of Procedure. 

23. It is suggested that the following steps should bo 
taken : — 

(1.) The Committee should communicate with the Direc- 
tors of Solar Observatories, sending them a copy 
of this Report, and requesting from them a list as 
before of their sun pictures between the end of 
1877 and the beginning of 1882. A further com- 
munication should then be addressed to each 
Director asking him to supply the areas and posi- 
tions of sun spots and facuke from the photographs 
in his possession for days specified in accordance 
with paragraph 15 of this Report; or in case of 
his not being able to undertake the work to supply 
the Committee with materials for doing it them- 
selves. 

(The position-angles and distances from the sun’s 
centre of spots and faculae may be measured with 
sufficient accuracy by means of a glass plate ruled 
with concentric circles at a distance of -fa of the 
sun’s radius apart, every fifth circle being thicker, 
the 18th circle being divided into degrees, with 
cross lines through the centre to the four cardinal 
points 0°, 90°, 180°, and 270°.) 

(2.) The Indian photographs from the beginning of 1878 
to the end of 1881 should be measured in dupli- 
cate for those days on which there are no photo- 
graphs at Greenwich. This work has been com- 
menced by Mr. Lawrence. It will probably oc- 
cupy the whole time of one person for 15 months. 

(3.) Application should be made by the Committee for 
the loan of the Kew series of photographs, of the 
Ely series, of Carrington’s original drawings, and 
of the measures of areas from these drawings made 
by Messrs. De La Rue, Stewart, and Loewy, with 
a view to a remeasurement either in whole or in 
part of the areas of spots and the measurement of 
faculm. This work might be commenced^ after the 
completion of the measurement of the Indian series. 


(2.) Indian Photographs . 

Tho Indian photographs for dates subsequent to Jan. 1, 
1882, have been forwarded to Greenwich for reduction, and 
already the reductions have been published in the ( Greenwich 
photographic results as far as the end of 1 887. 

The arrangements at Greenwich, however, would not 
allow of the reduction of the Indian photographs anterior to 
1882. An instrument similar to the one in use at Greenwich 
was therefore purchased by the Committee, and tho reduc- 
tions were placed under the direction of Professor Lucky or. 
Only those photographs which fill gaps in the Greenwich 
series have been measured. Of these, there are *1 1 for the 
year 1878, 23 for 1879, 152 for 1880, and 1 GO for 1883. 
All these have been measured and the reductions arc now 
ready for publication. 

Silver prints of the Indian and Mauritius photographs arc 
mounted and bound in volumes, convenient for reference. 

(3.) Mauritius Photographs . 

There arc photoglyphs for 48 separate days from the lloyal 
Alfred Observatory, Mauritius, dating from Feb. 3, 1 878, to 
Sept, 17, 1882. All these contain spots and fill gaps in the 
Greenwich-Indian series. Of these, however, those for 18/8 
and 1879 have no cross-wires. The dates are as follows — 

1878. Feb. 3, 5. Sept. 5. No cross-wires. 

1879. April 16, 20, 21. July It, 12, 14, 15, 16. 
Aug. 11,28, 31. Sept. 5, 7. Oct. 11,14, 17, 19. 
Nov. 8, 9, 10, 11, 16, 17, 29. Dec. 1. No cross- 
wires. 

1882. Jan. 10, 11, 12, Feb. 9, 21. April 29. June 
18, 19. July 4, 6, 30. Aug. 1, 5, 7, 13, *19, 28. 
Sept. 10, 14, 17. With cross- wires. 

All the photographs with cross-wires (1882) have been 
measured and reduced and the copy for press prepared. 

(4.) Melbourne Photographs . 

Since the end of 1877 (the date up to which the list in 
the last report was made)l,261 photographs have been received 
from Melbourne. Of these, 159 are for 1878, 1 76 for 1879, 
170 for 1880, 190 for 1881, 204 for 1882, 154 for 1883, and 
203 for 1884. Many of them, however, contain no spots. 
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The following is a list of the dates o£ the photographs con- 
taining spots which will fill gaps in the Greenwich-Indian- 
Mauritius series : — 

1878. Jan. 25, 26. June 1, 5. 

1879. Feb. 15. April 22, 23. May 9. July 1, 3, 
Oct. 8. 

1880. Jan. 9. Fob. 10, 14, 16. Mar. 22. April 22. 
June 14, 25. July 6, 16, 17, 28. Au°\ 6, 16 
Nov. 18. Dec. 28. 

1881. Feb. 22. Mar. 26. June 5. July 7, 20 23 

27. Sept. 3. Nov. 30. Dec. 29. 5 ’ 

1882. Jan 31. 

1883. Jan. 24. July 17, 18, 23. Aug. 4, 6 29 
Sept. 6. Dec. 1, 3, 31. 

1884. Feb. 19, 28. Mar. 4, 13. May 20. June 2, 5 
18, 19. July 1, 6, 7, 13, 15, 16, 23. Sept. 1, 14! 
26, 29. Oct. 1, 24. Nov. 27, 30. Dec. 23. 

The measurements and reductions have been completed for 
all these, with the exception of five (1883, July 17, 18, 23, 
Aug. 4 and 6), which seem to have been wrongly dated. 
The mistake could probably be rectified by comparison with 
the Greenwich — Indian Series. These have been omitted 
from the reductions. 

In these photographs the cross-wires are at angles of 45° 
to N. and S. points. 

(5.) Sydney Photographs. 

There are 14G photographs from Sydney for the year 
1881 and 17 for the year 1882. An examination of the 
photographs and dates shows that five of those for 1881 
were taken on days for which there are no other photo- 
graphs. The dates of these are as follow : — 

1881. Juno 7, July 8, 22. August 31. September 2. 

These photographs have only one cross-wire and are all 
unvarnished. The cross-wire is out of focus and the limb is 
ill-defined in every case, it has therefore been impossible to 
make measures of any real value. 

(6.) Lisbon Photographs. 

Since the year 1878, the date up to which the list of 
photographs was made in the last report, only 1 2 photographs 
have been received from Lisbon. The dates are as follow : — 
1880. May 30. .Tunc 2, 23, 24, 25, 26, 27. Sept. 15, 
30. Oct. 1, 2, 3. 
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Of these only that for June 26 fills a gap in the Groan - 
wich-Indian series. The photographs have only one er<> HS - 
wire. No information has been given as to the position 
angle of the wire. An attempt to arrive at it (so as to 
reduce the measurements) by a comparison of the spots wit lx 
those on other measured photographs was not successful. 


(7.) The Poughkeepsie Photographs. 

At the request of the Committee, Miss Whitney, of' 
Vassar College, Poughkeepsie, N.S., has kindly offered tin*. 
Vassal 1 College series of solar photogiaphs for moasureinant. 
and reduction. The following is a list of the dates of t.lio 
photographs in this series for which there are. no other 
photographs : — 

1872. June 6. Nov. 1, 15. Dec. 7, 10. 

1873. Jan. 9, 14, 25. Feb. 14, 20, 22, 25. Mar. l 3, 
14,17, 19. Apr. 29. June 18. Oct. 10, 11, 22, 
23. Nov. 5, 6, 10, 14, 26, 29. I)cc. 6, 15. 

1874. Jan. 10, 18, 20, 26. Feb. 12, 14, 17, 18, 20, 2 0. 
Mar. 3, 4, 14, 21, 30. Apr. 2. May 3, 10, 13, 1-4, 
17, 23, 28. June 17, 21. Oct. 9, 12, 24, ;*1. 
Nov. 10, 14, 19, 26. Dec. 8, 10, 12, 15, 1 6. 

1875. Feb. 1. Mar. 4, 19, 22, 29, 30. Apr. 10, 15. 
Oct. 22. Dec. 27. 

1876. Jan. 21. 

1877. Jan. 14. Feb. 9, 13, 15. May 12. 

1878. Feb. 6. 

1884. Jan. 16. June 9. 

None of these have yet been received. 

(8.) Cambridge Photographs. 

Prof. Pickering, of Cambridge, having kindly placed tx 
series of sun-pictures at the disposal of the Committee, a list 
of those which would fill blank days was prepared.' The 
photographs, 118 in number, for days between Dec. 9th, 187 4 , 
and Aug. 31st, 1875, were sent to London last year. They* 
have been measured and reduced at Greenwich. With Pro- 
fessor Pickering’s permission, positives of all the photographs 
have been taken by Sergeant Kearney, K.E., at ”Soutlx 
Kensington, and these will remain in the hands of the Com- 
mittee when the originals have been returned. 
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(9.) Record of Absence of Spots. 

On some days for which no photographs were obtained 
either at Greenwich or Dehra Dun, Dr. Meldrum records 
the absence of spots on the sun’s disc. The following is a 
list of such days : — 

1878. Jan. 1, 2, 4, 5, 8, 12, 13, 16, 19, 20, 21, 22, 
Feb. 2, 9, 10. Mar. 10, 21, 31. Apr. 28, 29. May 
5, 7, 8, 11, 12, 14, 15, 19, 20, 21, 22. June 16, 23, 

30. Nov. 10, 13, 14, 15, 17. 

1879. Jan. 11. Feb. 13, 27. Mar. 2. Apr. 1,3, 5,6, 
9, 10, 11, 27, 28. May 2, 4, 6, 7, 15, 16, 18. 23, 
25, 26, 27, 30. June 1, 2, 6, 7, 10, 12, 13, 16, 
19, 21, 22, 23. July 8, 10, 21, 22, 23, 26, 28, 31. 
Aug. 4, 5, 8, 14, 16, 20, 21, 26. Sept. 9, 11, 14, 17, 
18, 19, 20, 21, 23. Oct. 5. 23, 24, 26, 28, 29, 30, 

31, Nov. 1 , 2, 3, 21, 22, 23, 24, 26. Dec. 7, 12, 13, 
14, 15, 26, 27. 

{10.) Days for which there is no Record. 

The following is a list of days (1878-1884) for which 
there are no photographs and no record of absence of spots : 

1878. Jan. 6, 24, 27. Feb. 4, 7. May 26. June <. 
July 7, 14. Aug. 18. 

1879. Jan. 12. Feb. 16. Apr. 12, 13, 14. May 8, 
11 20. June 8, 15, 26, 29. July 6, 13, 17, 19, 20, 
27. Aug. 3, 10, 17, 23, 24, 29. Sept. 12, 28, 29. 
Oct. 9, 12, 13. Nov. 4, 5, 30. Dec. 25. 

1880. Jan. 8, 18. Feb. 8, 30. Apr. 4,_6. June 3. 
July 1, 7, 18, 25. Aug. 14, lo. Sept. 19. 

Nov. Dec. 15, 25. 1 . 

1881. Jan. 2. Feb. 2. June 12, 26. July 10. Aug. 

7,21. Dec. 25. 

1882. 

1883. Mar. 11. July 30. 

1884. Jan. 1. Feb. 3, 17. 

8. July 21, 22 , 29, 30. 

The Stonyhurst sun-pictures, which are drawn wi # ‘‘ 8 
greatest possible care, contain records of spots on the followmg 

dates : — 

1880. Nov. 21. 

1881. Jan. 8. April 24. 

1883 ! Jan. ^20. March 26. July 8, 22. Sept. 11. 
Nov. 11. 

D 

o 52344. 


Aug. 5. Sept. 2. Dec. 30. 
Mar. Apr. May. June 
Au". 30, 31. Sept. 28. 
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1884. Jmi. 26. Mar. 8. April 12, 18. May 10. 

.Tunc 10, 17. July 2, 14, 17, 18, 28'. Aug. 19. 

1885. Dec. 8. 

Spots were noticed, but not drawn, on March 2 and June 

19, !88L , , . , 

The areas of the spots are all being measured at Stony- 

hurst Observatory. 

(11.) Large Haile Sun-pic turns. 

In view of the presumed superiority of tho 8-incli photo- 
graphs of tho sun over the 4-inch, the Indian Government, 
together with tho directors of other observatories possessing 
photoheliographs on the Greenwich pattern, were requested 
to revert to the 8-inch photographs. 

This arrangement has been adopted by the Indian Go- 
vernment, Mr. Mcldnmi, and Mr. Ellery. 

The regular series of photographs from Dclira Dun, dating 
from November 11, 1882, are accordingly on the 8-incli 
scale, and in addition to these 12-inch pictures are taken 
when the atmosphere is exceptionally clear, or the sun-spots 
remarkable for number or magnitude. 

Those from Mauritius, dating from February 25, 1885, 
are also on the 8-inch scale. 

(12.) Discussion of the. Reductions. 

The results ol' the reductions of tho solar photographs arc 
being carefully investigated at South Kensington with a 
view of tracing proper motions and distribution in longitude. 
Curves lrnvo been constructed to show graphically the phe- 
nomena recorded on the photographs, as far as areas and 
positions arc concerned, for each rotation. 

Besides these drawings, tho spots arc being plotted out on 
a large white globe, about 50 inches in diameter. Tho 
globe is provided with two axes at an inclination of 7° 15'. 
The meridian circle is divided into degrees and half-degrees. 
There arc two equators, corresponding to the two axes, and 
theso are graduated iu degrees and subdivided to 15'. One 
circle represents tho equator of the huh, and tlio other tho 
ecliptic. 

The areas of the spots are represented conventionally as 
follows, the spots of area smaller than 50 millionths of tlio 
sun’s visible surface being neglected : — 

• - - - 50—200 millionths. 

+ - - - 200—500 

A - -• - 500-1,000 

□ - - - over 1,000 


99 
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A group is represented as a single spot, the latitude and 
longitude being taken as the centre of gravity of the group. 

In the Greenwich Spectroscopic and Photographic Results 
for 1886 and subsequent years the areas and positions of 
spot-groups are collated for the several days on which the 
group was visible, and the area and mean longitude of the 
group are formed with a view of facilitating discussions of 
the changes from day to day in a spot-group aud the recogni- 
tion of those regions of the sun where spots form most 
frequently. 

The following lists, &c. have been prepared in connexion 
with the work done on the globe : — 

1. A list showing the mean areas of umbras whole spots 

and facular upon the sun’s disc for each rotation of the 
sun from July 28, 1883, to December 30, 1884. 

2. A table showing the history of a group of sun-spots in 

the southern hemisphere in June 1880. 

3. List of spot-groups over 500 in area which are within 

7° longitude of each other, and having latitudes 
(from 1880 to 1884). 

4. List of spot-groups over 500 in area which are within 

7° longitude of each other, and having — latitudes 
(from 1880 to 1884). 

(These lists give group, number, date, longitude, latitude, 
and direction of motion.) 

5. List of spot-groups over 500 in area in order of longi- 

tude and having + latitudes (years 1880 to 1884). 

6. List of spot-groups over 500 in area in order of longi- 

tude and having— latitudes (years 1880 to 1884). 

7. List of spot-groups over 500 in area within 5° longitude 

aud two months’ interval, giving the date, longitude, 
latitude, direction of motion, amount of motion in 
decrees, the number of days in which that motion takes 
place, and the velocity in miles per day. 

8 List living the mean heliographic latitude and mean 

durance from the equator of the spots upon the sun’s 
disc for each rotation between April 27, 1874, and 
December 3, 1884. (This list was prepared at Green- 
wich.) 

9 List of the velocities of currents carrying spot material, 

giving the number of the group and the velocity for 
those occurring in 1880. 

10. Tables giving date, time, number of group. 

d 2 


48 


Longitude, Latitude , Area, and Velocity for l ean I 880. 

The positions of the spot-groups over 500 in aiva tor. the 
years 1880-84 have been mapped on the globe at South Ken- 
sington. This enables the following data to be at once 
obtained ; 

1. The longitude and latitude (whether — or d ) of the 

centre of gravity of the areas of the spot s. 

2. The size of the groups, that is, whether they tire of 

areas between 500 and 1,000, or over 1,000. 

3. The direction of motion of the spots. 

4. Having got the longitude and latitude of a particular 

group; the date and number of groups may he obtained 
by referring to the list giving the spot-groups in order 
of longitude for the years 1880-84. 

Solar Meridian. 

The annexed table of Dates of ( foineidenres of* the as- 
sumed prime meridian of the Sun with the cent nil meridian 
of the visible hemisphere, prepared by tin* Astronomer 
Royal, has been forwarded to the various Solar observers 
with whom the Committee have been in communication. 
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l > Ajne :ES of Coincidence of the Assumed Prime Meridian 
of the Sun with the Central Meridian of the visible 
Hemisphere. 
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Is £ 
si ; 



d. 
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April 

18 . 
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102 ‘5127 
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May 

10 1 

20 83,80 

129 S501 

1SS6 January 

June 

7 

1 84,09 

157*0053 
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4 
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March 

.] uly 

81 
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2!1*!71S 

April 
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27 

16 58,20 

238* 7071 
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28 

23 19,07 

265*9710 

J uiio 

October 

21 

6 13,08 
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Juno 

November 

17 

13 30,32 

820*5627 

July 

December 

14 

21 8,28 

317*8807 
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Janu:u,\ 

11 

5 7,53 

10 213(5 

September 

February 

7 

18 19,87 

87 ’ 5555 

October 

March 

3 

21 20,51 

(54 8892 

November 
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2 

4 87,57 

92*1928 

December 

April 

29 

10 51,74 

119 1526 
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May 

26 

16 8,72 

14(5*0727 

Februaiy 
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22 

20 55,40 

173*8718 

March 

July 

20 

1 46,25 

201 *0738 

March 

August 

16 

7 8,80 

228*2978 

April 

September 

12 

13 13,95 

255 5514 

May 

October 

1) 

19 50,08 

282*8310 

June 

November 

0 

3 5,85 

310*1291 

July 

December 

8 

10 35,69 

337* 4414 

August 

December 

80 

18 26,83 

3(54*7086 

September 

55 January 

27 

2 30,07 

20*1084 

October 

February 

23 

10 44,98 

53*4479 

November 

March 

22 

IS 22,35 

80*7650 

; November 

April 

19 

1 1,74 

108*0420 

, December 

May 

16 

6 38,64 

135*2708 

1 1888 January 

June 

12 

l 11 32,98 

1(52* 1815 

5 February 

July 

9 

i 16 18,21 

. 189*6791 
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t 

i 21 26,08 
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September t 

5 3 14,51 
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1 May 
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21 
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!} 0 5,91 
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18 
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9 
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29 

20 

23 

19 

17 

14 

11 

7 

4 
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15 51,92 
0 1,09 

7 57,07 
15 1,80 

21 2,19 

2 9,84 

G 51,61 
11 50,00 
17 22,25 
23 80, 1;7 
G 25,83 
13 39, GG 
21 13,91 
5 9,53 
13 20,70 
21 25,44 
1. 52,00 
11 17,18 
10 42,97 
21 32,54 

2 20,35 
7 30,13 

13 33,79 
20 10,71 

3 15,95 
10 42,37 
18 29,86 

2 36, 9G 
10 48,03 

15 83,21 
1 23,80 
7 10,37 

12 10,34 

16 54,63 
21 56,58 


13*0011 
43 O02S 
70*3317 
97*0202 
124*8705 
102*0902 
179-2S79 
200* 1935 
233 723S 
200 9837 
288*2079 
315*5092 
342 &S47 
5 2150 
32 5560 
59*8927 
87 2028 
111*4705 
141*6963 
108*S970 
190*0075 
223*3168 
250*5651 
277 S40S 
305*1361 
332*4461 
359*7707 
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49*4500 
76 7731 
104*0582 
131*2991 
158*5072 
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212*9143 
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d. 

28 

h. m. 

3 37,20 

d. 

240 1508 

1889 May 

<i. 

28 

h. m. 

2 15,55 

d. 

147*1150 

Sept. 

24 

9 59,81 

267*4165 I 

Juno 

21 

7 81,67 

174*8187 

October 

21 

1G 55,24 

294*7050 

July 

2L 

12 28,47 
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18 

0 13,72 I 

822*0095 

; AllgUNt 

17 

17 17, si 

228*7115 

December 

15 

7 52,90 

3 19*328 1 

Kept. 

13 

23 51,77 

255 9904 
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11 

15 53,31 

10*6620 

October 

11 

(1 88,80 

283*2769 

February 

8 

0 5,86 

S3 *0041 

November 

7 

13 48, HU 

310*575 6 

March 

7 

8 5,18 

65*3369 

December 

4i 

21 19,69 

387*8887 

April 

3 

15 19,55 

92 6386 

1890 January 

1 

8 11,91 

0*2100 

April 

80 

21 30,72 

119*8903 
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and 


®®“^° : ? J ^ r ^®“ 1 '^o“ 1 on l864j*Januiu'y l 111 * 1 ^*^ Wlth th ° AM ' e,1<l,n « No "« of Uio 
The assumed period of rotation is 25-38 mean solar days. 


Eoyal Observatory, Greenwich, 
■May 29, 1886. 


W. H. M. Ohxusxik. 
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APPENDIX IV. 


SCHEME FOR AN INTERNATIONAL COM- 
MITTEE ON SOLAR STUDIES. 


(1.) Report by Mr. Lochyer to the Solar Physics Committee 

tm a to the Solar Observatories in Italy and France . 

Sumo time ago I received instructions to proceed on a 
mission to Paris and Nice, in order to confer with the 
various astronomers on the aid which they might be willino- 
to give the Committee, both by special observations and by 
■supplying the Committee with their results at an earlier date 
than they could otherwise he obtained. 

In the interval which elapsed between my receivino- the 
orders to proceed and my actual visit certain events °took 
place which made it important that I should include Rome 
among the places visited. These were: — 

First. — That, in consequence of the delay in the con- 
struction of M. Trepied’s instrument he would not be able. 
In spite, of his expressed willingness, to commence obser- 
various in less than a year. 

Second.— That Professor Tacchini, although he was 
willing to commence new series of observations both at 
Jlome and Palermo at once, was unable to meet me at Nice 
at that particular time. 

4 therefore, began work at Home, arriving there on the 
<>lh March. I Tore r spent some days discussing with Pro- 
fessors Tacchini and Respighi the various methods in which 
eo-operat ion might be ad van tageously employ cd, and especially 
the kind of observations which we might fully expect to get 
in the greatest abundance, in Italy. Professor Tacchini, who 
had studied the Committee’s report, expressed his agreement 
with the principles laid down in it, and we drew up together 
the document which I here give which shows the assistance 
which the Italian observers, botlj at Rome and Palermo, are 
willing to render the Committee. I may state that the work 
relating to the lengtn or tne lines m prominences is new, and 
it will go on side by side with the old series of observations. 
The importance 1 of the assistance thus offered to the Com- 
mittee will be obvious when I state that in the months of 
January and February only one day's observations were 
missed, while here we could only secure observations on seven 
days. We discussed the question of publication. It was 
suggested, during the conversation, that it would be well to 
have for each day a combined picture giving spots and pro- 
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minences, and even perhaps other phenomena, such as the 
welling up of magnesium on the limb, on exterior^ concenti-ic 
circles. Professor Tacchini expressed himself willing both 
for the past and the future to indicate round a paper positive 
of the sun’s disc, for each day, the positions, height, and 
forms of the prominences and such other information as might 
be determined on, I have already forwarded to him paper 
positives so that, at a subsequent meeting of the Committee., 
this idea may be further discussed. 

Professor Respighi expressed himself equally willing to 
aid the Committee, and we shall have no difficulty in obtain- 
ing from him observations, should he happen to possess tlicm^ 
on days when there are gaps in the other series. 

Professor Tacchini, who had not long returned from 
observing the eclipse in the Caroline Islands, expressed his 
approval of that partof the Committee’sreport which suggested 
concerted action, by civilised Governments, in the matter of 
Eclipse Observations (Report, page 63). He supplied me 
with a memorandum, which I also append, urging that it is 
not, even now, too early to take steps for concerted action in 
1886. 

The Italian Government Solar Observatories from which 
we may expect observations are : — 

1. Osservatorio Collegio Romano, Professor Tacchini. 

2. Osservatorio Campidoglio, Professor Respighi. 

3. Observatory of Palermo, Professor Ricco. 

4. Observatory of the Casa Inglese on Etna. 

5. A corresponding observatory at Catania for simul- 
taneous observations at high and low levels. 

From Rome I went to Nice, where I arrived on the 1 1th 
of March. The observatory at Nice, which has been endowed 
by the liberality of M. Bischoffheim, is situated on a hill some 
miles from the town at an elevation of 1,000 feet. Those 
parts of it which will be utilised for solar observations are as 
follows : — 

1. A siderostat, with a 9-in. object glass of medium focus* 
and a Thollon spectroscope of great dispersion. Connected 
with this building is a physical laboratory in course of 
erection, which will be furnished with Do Mcritens and 
Siemens’ dynamo-electric machines, and other adjuncts for 
obtaining metallic spectra side by side with that of the sun, 

2. A magnificently mounted 15-in. refractor already in 
working order. 

3. A 28-in, refractor in course of construction. 
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The scheme which had been foreshadowed by Professor 
Tucchini was discussed and agreed to, so far as M. Thollon 
was concerned, with the proviso, that it could not be com- 
menced until a research on the Telluric lines, on which M. 
Thollon is now engaged, was completed. 

While T was at Nice M. Thollon was engaged, among 
other matters, on a series of observations begun last autumn 
at the observatory of the Pic du Midi, which is being erected 
by the French Government for the use of the astronomers of 
France and other countries in the summer months. On the 
summit, at the height of about 10,000 feet, ho found that at 
the moment of sunrise, and for one and a half hour after- 
wards, the definition of the sun was so perfect that the 
hydrogen surrounding each of the domes which Dr. Janssen 
has succeeded in photographing could bo easily observed on 
the 0. line ; so that on moving the slit of the spectroscope 
along the sun, the O. line was no longer continuous, but was 
really built up of a series of sections of a mottled surface. 
This I observed many years ago during London fogs, but 
such observations have not been recorded elsewhere, so far 
as 1 can remember, until MM. Thollon and Trepied observed 
them on the Pie du Midi. M. Thollon finds at Nice that 
the time during which those delicate phenomena remain 
visible after sunrise is restricted with reference to the Pic 
<lu Midi. Indeed, at least sometimes half an hour after 
sunrise they had almost vanished in consequence of the 
disturbed state of the air. The moral of these observations, 
as it appears to me, is that we want a horizontal photohelio- 
grapli somewhere, the higher the better, to take a photograph 
of the sun on a large scale as soon as possible after sunrise 
each clear morning, and that the more delicate spectroscopic 
observations should ho attempted at the same time. 

M. Perrotin, the director of the observatory at Nice, dis- 
cussed with me as to the best means of carrying on the 
stellar researches which they propose to inaugurate. M. 
Thollon had proposed a plan of facilitating the observa- 
tions by means of mirrors. It is not necessary to give the 
exact details. I pointed out, however, that what we really 
wanted was, above all things, light, and that the time had 
now arrived when eye observations should give way to pho- 
tographic ones, and that if this principle were accepted the 
half million francs or more which would he required for the 
observatory would be saved. Tho > conversation ended by 
my suggesting an 8-feet mirror of from 40 to 60 feet focal 
length, with a skeleton tube, merely adapted for carrying a 
spectroscope and camera,, the exposures in either case being 



made by magneto-electricity. From subsequent inquiries 
made at Paris I find that such an instrument can be at once 
constructed, and that its cost will he less than one-third of 
the building which is to shelter the 2s-in. telescope. 

While at Nice I discussed with JV1. Tholhm the observa- 
tions of sun-spots which have been math* Imre, lor the. last 
five years. I left with him a complete set of maps ol tins first 
200 observations* and he is engaged in studying the nature 
of the various lines reversed, with the enormous dispersion 
at his disposal. This is an important control for which, 
personally, 1 am very grateful to him. 

From Niro I went to Paris, when 1 I arrived on I he 2(>tli 
of March. My first duty here was to look after the photo, 
heliograph, the construction of which was undertaken two 
years ago by M. Prazmowski. 

I found that M. Janssen, who had previously reported to 
me that it was nearly finished, lmd been entirely misinformed. 
Owing to the serious illness of M. Pnwmmvski since Inst 
August, and the indescribable confusion which had arisen 
therefrom, several days wore lost in trying to got at the 
facts. At last an object glass was handl'd to me, without a, 
cell, which it was stated was the one ordered by the Com- 
mittee. I was also informed that the secondary magnifier 
had not been commenced and, during M. Pravunowski’s 
absence — and he is not very likely to return 1 hear — one 
could not bo commenced. 

I at once, therefore, went to the Observatory and hogged 
of Brothers Henry to aid me: — First, by testing the object 
glass and then by making a secondary magnifier should it 
turn out to ho the right one. The Brothers Henry at once 
acceded to my request, “and wo spent part of tlm next day at 
Mont Iiougc in testing the object glass. Wo found that it 
had not boon corrected for the photographic, rays :i( all. I 
then made an additional appeal to make u* an object glass 
coiTcetcd to G, as well as a secondary magnifier. This they 
most generously offered to do by the 1st of Juno, putting 
aside more lucrative work to enable them to accomplish it. 
This step having been approved by Colonel Donnelly, I then 
spont a day with M. Gautier in designing the body of the 
photoheliograph itself. The complete drawing* together with 
the estimate for 80/., accompanies this report. This includes 
a trappe of Dr. Janssen’s most, recent form, which is of* a 
very elaborate construction, and adapted for taking pictures 
at two seconds’ interval. 

While these negotiations wore going on, and after they 
were terminated, I spent as much time as I could at 
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Dr. Janssen’s observatory at Meudon, where every process 
was thrown open to me, and where, indeed, I took some 
photographs, following down to its most minute detail the 
manipulation which Dr. Janssen has found to be most 
satisfactory. My stay at Meudon was in all respects very 
agreeable and instructive to me, and I must confess that it 
gave me great satisfaction to find, from time to time, that 
the Meudon plates gave no more signs of mottling than 
many plates taken at Kensington. I think this seems to 
indicate that it is more the variable condition of the atmo- 
sphere than a constant climatic difference which is in 
question. 

The greatest difference between Dr. Janssen’s processes 
and our own are in the baths employed, their constant reno- 
vation, and the manipulation of the plate in the bath. 

At present the pictures of 30 centimetres diameter are 
taken with an altazimuth with no wires ; the orientation 
being determined by an exact record of the time at which 
each photograph is taken and the careful determination in 
the variation from true level at the upper edge of the plate. 

At least three photographs are taken every day, one of 
which Dr. Janssen has expressed his willingness to place at 
the disposal of the Committee to fill up gaps when neces- 
sary. 

The strength of Dr. Janssen’s observatory has recently 
been increased by the accession of M. Trouvelot, whose astro- 
nomical drawings are so well known. Part of his daily 
routine duties is to make daily spectroscopic observations of 
the chromosphere, and it may reasonably be expected that 
these observations will supply gaps in the Italian series. 

Dr. Janssen not only expressed his willingness to aid the 
Committee, but suggested that the matter of publication 
which was dealt with in Professor Tacchini’s memorandum 
would be much aided, and economy of work and effort 
greater even than that brought about by our own Committee 
would be insured by the creation of an international one, 
each observatory, not only supplying its observations for a 
complete publication, but funds for the publication itself. I 
need not enlarge any further on this point, as when I was 
leaving Meudon Dr. Janssen expressed his intention to write 
a letter to the Committee embodying his ideas at length. 

I cannot complete this report without stating to the Com- 
mittee the great sympathy with their work which I found 
everywhere, and the firm belief warmly expressed by those 
whom I came across of the great value and economy of the 
co-ordinated system of work which they have proposed. 
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I may add in conclusion that since I left Paris, Captain 
Abney has tahen advantage of a visit there to inquire into 
the progress of the photoheliograph and he found that both 
the optical and the mechanical parts were advancing at the 
rate which had been promised. 

We may expect therefore that Dr. Janssen will be able to 
carry out his promised testing of the instrument ear-ly in 
June. If the Committee consider it desirable that I should 
be at Meudon at that time I should be glad to go there. 

J. Norman Lockyer. 


(2.) Memorandum by M. Tacchini. 

A Palerme cornme S, Eome on continuera it observer les 
spectres des protuberances mcStalliqucs, ainsi quo les spectres 
nidtalliques dans les parties ou il n y a pas dc piotuberancos. 
Chaque fois on enverra a M. Lockyer la description du ph<5- 
nomene, tenant compte le mieux possible de la longueur des 
lio-nes observees avec la fonts tan genic, conunc on cn use cn 
Italie : et, s’il est possible, accompagncr la description de 
dessins pour les differentes couleurs oommo l’a fait autrefois 
Tacchini. 

II ne sera pas bon de diviser le travail pour les dmerentes 
parties du spectre, car les Eruptions motalliques ctant des 
plienomenes d’une duree ordinairement courtc, on aurnit 
souvent une observation incomplete. A Home clone, commo 
h Palerme, on devra parcourir le spectre entier. 

II serait desirable que le meme travail qu’on fait lionic 
et a Palerme avec des moyens parfaitement dgaux, soil fait 
aussi avec des apporeils plus puisaants, cornme ccuk dont 
disposent MM. Thollon ct Tr^pied. Dans ce cas on pourra 
diviser le travail, e’est-i-dire foire Fobscrvation de la moitid 
du spectre & Nice, et de Fautro moitie k Alger. 

II serait desirable qu’outrc les observations des spectres 
mdtalliques, que presque toujours on observe cn has, des 
observations soient faites meme dans les protuberances 
ordinaires de quelque importance, c’est-iVdire assez liautcs 
pour voir si Fon peut observer avec un spectroscope puissant 
des lignes metalliques. 

II faut etudier la maniere la plus convenable dc publier 
les observations solaires directes et spectroscopiques, de 
maniere rendre facile la comparaison et Fdtude des diffd- 
Tents phdnomenes. 

Pietro Tacciunti. 


Eome, 10 Mars 1884. 
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(3.) M. Janssen’s Scheme . 

( Translation.) 

tini, 

The English Committee on Solar Physics has 
honoured me by asking my opinion on the methods likely 
to promote the progress of the solar studies with which your 
Committee deals. 

I would have answered your invitation sooner had it not 
been for my desire to examine more thoroughly a subject of 
study which is common to us. But Mr. Lockyer’s visit to 
Paris, and the special invitation which that savant addressed 
to me on your behalf, have determined me to send to you at 
once the result of’ my rcllections on this matter. 

After much reflection on the methods now employed in 
studying the surface and the edges of the sun, either by 
means of the eye* of photography, or of the spectroscope, I 
am more than even* convinced that these labours, which 
derive their value from the uniform and continuous nature 
of the observations, can no longer comply with the demands 
of science without the establishment of a concert or union 
between the observers. 

With the admirable means of study available in photo- 
graphy and the spectroscope, we can only succeed in producing 
isolated series, disconnected, and with gaps which deprive 
them of nearly all their value. 

What is true for the labours themselves is still more so 
for their publication. Every one publishes according to his 
means and his ideas of the object to be attained. Hence 
publications dissimilar both in size and method. 

It therefore seems to me that the time lias decidedly 
come when observers, who deal with regular observations of 
the sun, should combine their efforts and regulate ^ their 
labours. This object would be attained by forming a 
Committee, to bo termed “ the International Committee on 
Solar Studies.' 5 Its mission would be to examine the best 
methods of observation, to promote their application, to 
establish a uniform plan of observations, and finally to 

collect them. . - 

Observations. — The Committee, alter investigating the 
existing elements of study due to participating institutions 
and observers, could make out a scheme of observations in 
which each one would have the part accepted by him, and 
suitable to his tastes, his acquirements, and his means. 

This plan would comprise ocular, spectroscopic, and 
photographic observations. The Committee would en- 
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deavour to fill up as soon as possible the gaps which must 
inevitably occur at first, and with this view would either 
seek to obtain more adhesions, or to promote the creation of 
fresh centres of observation. 

Publications . — But it is especially in the way of publica- 
tion that the Committee would be of signal service to 
Science. It could concentrate, calculate, arrange, and 
publish labours in such a manner as to establish, for each kind 
of observations, series as complete and lengthy as possible, 
utilising for the purpose all the observations of its members, 
and also, if necessary, those of outsiders, with their previous 
consent. The Committee might even undertake to go 
backwards, and to re-constitute, with such data as might be 
found, a series invaluable for a retrospective history of the 
sun. 

All the observations thus collected, calculated, and care- 
fully published would form collections of inestimable value, 
both for present workers, and for those of posterity. 

What should we not know now did we only possess such 
data relating to the past of the sun ? 

As to the cost of such calculations, of reduction, and of 
publications, it might be met by contributions from each of 
the members of the Committee. Individually this would cer- 
tainly be less heavy than the expense of a separate publication, 
and each member would thus enjoy the immense advantage of 
receiving the complete work of all his fellow-workers. But 
there can be no doubt that in a near future such a Com- 
mittee, representing, as it would, the most eminent authority in 
this branch of study, would receive from Governments and 
societies supplementary funds that would enable it to con- 
siderably extend its action. 

Such is the proposal which I have the honour to submit 
to the savants who deal with solar studies. 

Should this proposal be accepted, it would be well, in 
the first place, to form the nucleus for the final Committee. 
This nucleus, consisting of the highest authorities on the 
subject who, would be the founders of the undertaking, 
would examine the primary questions of organisation and 
framing of rules ; after which it would apply to all those 
who might usefully co-operate in various capacities, and the 
final Committee would then be formed. 

In order that the Committee should really be of an inter- 
national character — the only one that can secure for it 
numerous adhesions and enable it to attain its object — it 
would be advisable : — 

That the President should be elected at each Congress. 
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That the Congresses should be held alternately in the 
pnncipal scientific centres where there are co-operators. 

That the publications of the Society should appear in 
seveial languages, such as English, French, German, Italian.^ 
As the publication of these labours will chiefly consist of 
drawings and figures, this would be very easy. 

(Signed) J. .Tansrtrn". 

Observatory of' Mcudon, 

16th May 1884. 


o 52344. 


£ 
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APPENDIX V. 

Letters on the Subject oj a Conference oh Solar 1 hysics, 

( Translation.) 

Registered No# 29,573, 1885. 
gjjj Potsdam, May 28, 1885. 

* An Astronomical Congress will l)c held at Genova 
from the 19th to the 22nd August, which I propose to 
attend, and have already writton to that effect to Professor 
Schonfeld of Bonn. I shall thoro explain my researches of 
the last few years. The printing of those researches will 
soon be«in, At the end of the Genova Conference I thought 
of remaining a few days longer in Switzerland, and it might 
be that I could come at the end of August to take part in 
the London Conference. 

I could only come to London, however, on the under- 
standing that my travelling and personal exponses arc paid. 
I cann ot expect our Ministry to pay theso coats, and do not 
know if they will bo met on your part. If I gel from you 
an assurance that they will be paid by you 1 would readily 
participate in the Conference; while this is doubtful I will 
express my views, in accordance with your wish. 

'The project of M. dansson to the extent indicated, I hold 
to be unacceptable. The independence of the worker would 
bo too much circumscribed, and this is injurious to freo 
rosearch. Besides, those who like myself have boon work- 
ing independently for Home years would uot bo inclined to 
make themsclvos dependent on the Committee. 

Only in one respoct can I regard the institution of a 
Committee as desirable, viz., for the publication of charts 
similar to that of which 1 cucloso a proof. The scale might 
be somewhat larger. Respighi has issued such charts, also 
P. Sccohi for some years. I should like, however, charts 
like this one according to the holiographic breadth of tho 
protuberances. When once it is determined what s«ale_ iH 
to be usod, each observer coidd prepare himself a drawing 
accor ding to it, which could easily bo lithographed in the 
row to which it belongs. Tho name of tho observer should 
be added. It would not be without advantage if several 
observations ore subjoined for the same day in order to 
determine the variations and to fix periods ; this being spe- 
cially desirable when a spot is found on the extreme edge. 
I, mysoll have many observations which have not yet been 
published, and which I might send. One must begin with 
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the year I-S70. I will not enter specially into the advantages 
of such charts but mention one only. It is very important 
when the protuberances in the region are further north or 
south if there is simultaneously a spot on the extreme outer 
edge. I have given many cases in which the protuberances 
had a contrary direction or appeared in the region as 
divergent clusters. This had not been noticed. 

The compilation of the materials of observations in the 
manner indicated I would entrust to the Committee, but 
nothing further. Their use and manipulation must be left 
to individuals, on their own responsibility, and not be invested 
with the authority of the Committee. 

.The compilation of the sun-spot regions (directly observed 
with a telescope or taken by photography) I would not 
entrust to the Committee nor yet the computation of the 
regions. As to the rotation elements 99 no agreement need 
be expected in the near future; their computation, also, 
must be left to individual observers. For observation no 
definite przneipia are followed. Faye laid down in the 
Oomptc Rendu that the measurement should be from the 
Dawes dark point in the nucleus, but Faye himself is not an 
observer, and consequently cannot know that his proposal is 
not practicable. If a large spot has several nuclei one 
observer measures the centre of the whole spot while another 
seeks out the largest nucleus, and finds nothing to refer the 
variations. Such published observations as these I cannot 
use for my researches. One must have regard for the varia- 
tions, especially if one wishes to contemplate a particular 
spot as identical with a spot of the following rotation period. 
The centre of a largely affected appearance in the first 
rotation period is not identical with the centre of a smaller 
spot of the second period, and if one considers them as iden- 
tical there will at once be a too deep parallax. My observa- 
tions which I am about to publish contain a confirmation of 
my former deep parallax (including refraction), viz., the 
sectional. Accordingly a correction belongs to the calculated 
regions* and is necessary. 

For the prosecution of researches for the exact deter- 
mination of O and z, I would observe that it cannot be 
expected that out of the discussion o£ a very large number 
of spots the right elements can be found, but one has to pick 
out those which are preferable. A good result would follow 
if it wore assumed that the difference in the variation of 
longitude arises, if one Lakes a nearly similar number of 
spots in both hemispheres. My researches (which are not 
published) show that the northern hemisphere in respect to 

E 2 



64 


the variation of the heliographic longitude is different from 
So Loi.pU.re, Lf tho affereoce is more •po'uilr 

marked between 0° and 10°. . 

In the Conference it would be well town at an under- 
standing that everyone should so publish his observattons 
SS they could be used with facility. The distance and 
positions angle must be given. In the Greenwich observa- 
tions there are given the distance from centre and position 
anrie from sun’i axis. The last-named I cannot use, and 
must go backwards to find the positions angle for the 
direction of the earth’s axis in order to find the point from 
which to reckon my constants. ‘ . , 

I bhould like, too, if an understanding could be come to, 
to reckon solar observations in the civil fashion, so that, for 
instance, the beginning of June 2nd should be not at midday 
but the preceding midnight, and that midday of the 2nd 
.Tune should be denoted by 2,500. 

A discussion of the rules for surface measurement (area) 
is much to be wished for, for it is only probable that one has 
in area a reliable measure. _ I have therefore detennmed 
frequency after another principle. 

Respectfully yours, 

(Prof.) Dr. SrOBRER. 


( Translation.') 

Registered No. 29,523, 1885. 

SlBj Zurich, 30th May, 1885. 

I don’t t hink my ago and occupations will allow of 
my being present at the proposed Conference, but I need not 
tell you that I take a warm interest in the project for tho 
centralisation in a manner to be agreed upon, of the efforts 
of the various savants who occupy their time in the study ox 

Such a centralisation is absolutely necessary for the figures 
taken by the aid of photography and spectroscopy and per- 
haps also for micrometric determinations of the positions ot 
sun-spots — since relative observations have been up to the 
present time made without the necessary uniformity. It 
would unquestionably be of the greatest importance if it were 
possible to unify the results obtained, to equalise them, and 
publish them in a uniform manner. In this respect I 
adhere to the views and proposals of M. Janssen which you 
have communicated to me. 
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For eye observations, and specially for the enumeration of 
sun-spots, I think I have already done what should be done 
tor photographic, spectroscopic, and micrometric observations 
tor there will be found united in my periodical « Astrono- 
miscke Mittheilungen ” both all the materials which have 
come down from past ages and the results of the regular 

enumerations obtained by various observers in own time 

not only individual observations, but also the homogeneous 
senes that it has been possible for me to compile with an 
enormous amount of toil. I do not believe it will be possible 
to do anything much better, and I am ready to »o on with 
this arrangement and with this publication to the" 5 end of my 
days. If there exists series, which it has been impossible for 
me to classify with others up to the present time, because I 
have not known them or had them, I am still ready to calcu- 
late and publish them as soon as they are sent to me. 

Yours very sincerely, 

(Signed) It. Wolf, 


( Translation.) 

Registered No. 2!), 953, 1885. 

M. lh Pkkkident, . Rome, dune 4, 1885. 

I am in receipt of your kind invitation to the meet- 
ing of the Solar Physics Committee, and desiring to take 
part in it, I have asked my Government for permission to do 
so. . Rut as I must be present at the meeting of the Inter- 
national Committee ou Meteorology meeting on the I H t 
September at Paris, I could only stay in Condon a very 
few days, viz., from the 25th to the 30th August,. In the 
event of the mooting being held before this, 1 will com- 
municate my views by letter to the Committee. I ought, 
however, at once to state that 1 am not inclined to Hindi 
a society as my illustrious friend M. .Janssen proposes, for 
I do not think the undertaking practicable. Those who 
occupy themselves with Solar Physios are very Ibw in 
number and we hardly know each other. At present it 
would suffice to entrust the English Committee with the 
task of improving the study, as it tends to do, and of pub- 
lishing ancient and modern observations with the funds of 
the Committee assisted by the diflerenl Governments. These 
funds should not bo employed for meetings in the principal 
scientific centres. 
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The Committee should I think at present be permanent, 
and if necessary to call meetings, there is nothing to do but 
summon afresh to London thoso who really pursuo the study 
of Solar Physics. 

Yours very faithfully, 

(Signed) P. Tacchini. 


( Translation.) 

Registered No. 30,077, 1885. 

Astro- Physical Observatory, Potsdam, 
Juno 5, 1885. 

In reply to your honoured letter of the 19th May, I bog 
to state that I am not at present in a position to 3tatc posi- 
tively whether I shall personally be able to attend the 
proposed Conference in London between the Solar Physics 
Committee and various foreign scientific celebrities. The 
time selected, viz., end of August would at one time have 
suited me well enough. If I cannot come myself, perhaps 
I can send in my Btead Professor Sporer or Dr. Lolisc, who 
hold appointments in the Astro-Physical Observatory at 
Potsdam under my direction. 

Generally, I may remark that I am in sympathy with the 
objects of the Committee in harmonizing the action of solar 
observers throughout the globe with reference to tho arrange' 
ment and publication of their observations, and that I will 
readily support their endeavours with tho rich store of 
instruments at the disposal of the observatory. 

Respectfully yours, 

(Prof.) Dr. II. C. Vogel, 
Director of the Astro-Physical Obaorvalory. 

The Secretary, 

Solar Physics Committee. 


Registered No. 30,075, 1885, from A. Schuster, Esq., 
Ph,D., F.R.S. Letter dated 6th Juno 1885. “ Hopes ho 
« will be able to attend tho last 10 days of August.” 
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Registered No. 30,205, 1885, from Professor Ricco, of 
Eeale Observatorio, Di. Palermo. Letter dated 8th June 
1885. Expresses his desire to attend, and has addressed 
“ an application on the subject to the Italian Government,” 


Registered No. 31,561, 1885. 

Princeton, New Jersey, U.S.A., 
Sir, 10th June 1885. 

I have duly received yours of May 19th, and sin- 
cerely regret that it will not be in my power to attend the 
proposed meeting of men of science engaged in solar research. 
I heartily approve the plan, and am greatly honoured by the 
invitation to be present, but family considerations make it 
impossible for me to go abroad this summer. 

As regards the scheme of Dr. Janssen, while I have not 
time as yet to examine and form an opinion upon every point 
involved, I think it on the whole a very admirable one ; 
one which would secure a rapid increase of our knowledge. 

I should be happy to co-operate with the proposed 
<e Comite international des etudes sola, ires ” to the extent of 
my ability. 

The only difficulty I feel relates to the pecuniary resources. 
I could not promise any considerable contribution from my 
private means, and at present I have no other funds in my 
control. Were such a Committee formed, however, I should 
have some hopes of being able to obtain a grant from the 
University to supply my quota ; but I am not in a position 
to make absolute promises. 

I am, Sir, 

Very respectfully, 

Your obedient servant, 

(Signed) C. A. Young, 
Prolessor of Astronomy. 

Frank R. Fowkc, Esq., 

Secretary to Solar Physics Committee, 


Registered No. 31,699, 1885. 

Harvard College Observatory, 
Cambridge, U.S., 

Sir, 1 1th June 1885. 

Your letter of May 19th has been duly icceived. 
Other occupations will deprive me of the pleasure ot attend- 



mg the meeting to be held for the introduction of improved 
methods in solar research. I entirely approve of co-opera- 
tion in such matters, hut it is probable, as was explained in 
my letters of February 25th and November 3rd, 1884, that 
the chief part m the proposed work which can be taken 
by this observatory, at least unless its funds should be 
increased, will consist in furnishing for measurement such 
photographs from the series formerly taken here as may be 
thought most useful in filling gaps in other records made 
between 1870 and 1876 inclusive. 

With regard to the plan of co-operation proposed by 
M. Janssen, it only occurs to me to suggest that the Com- 
mittee superintending the work might advantageously be 
connected with the International Association, the formation 
of which has been proposed at recent meetings of the British 
and American Associations for the advancement of Science. 

Yours respectfully, 

(Signed) Edmund C. Pickering. 

Frank Rede Fowke, Esq., 

Secretary to the Solar 
^ Physics Committee. 
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APPENDIX VI. 

Circular Letter to Directors of Solar Observatories on Inter- 
national Co-operation . 


Sir, 

[ have already had the honour of communicating 
with you on the subject of international co-operation in the 
making and publication of Solar Observations. 

In my last letter I stated that it had been necessary to 
abandon the proposed conference on account of the difficulty 
of fixing a time which would be generally convenient. The 
object which the Solar Physics Committee has in view, at 
the present time, is to endeavour to see therefore whether 
the desired co-operation can be brought about by means of 
correspondence. 

The labours of the Committee both before and since the 
date of my last letter have resulted in arrangements which 
may be expected to secure a solar photograph on a scale 
of at least 8 inches to the sun’s diameter for every day 
in the year. These photographs are taken at Greenwich, in 
India, Mauritius, and Australia. 

Arrangements have also been made by which the reduc- 
tions of these photographs are undertaken by the Astronomer 
Royal ; these reductions include heliograpliic latitudes, lon- 
gitudes, and areas of spots, and also positions and areas of 
fa culm, the areas being stated in millionths of the sun’s 
visible hemisphere. 

For these reductions, the solar rotation of 25 * 38 mean 
Rolar clays is taken, and the assumed prime meridian is that 
adopted by Carrington, so that the reductions made at the 
present time are based on the same data as those assumed 
in Carrington’s series. 

The Solar Physics Committee are willing to take such 
steps as will enable them to place these reductions in the 
hands of all solar observers at the earliest possible moment ; 
and if adequate co-operation can be secured, they believe 
they will also be able to supply copies of the daily photo- 
graphs. 

The Committee believe that if this information could be 
placed in the hands of observers at an early period after the 
day of observation, much time now spent, in determining 
positions of spots whether from drawings or photographs 
might be saved for other inquiries. 
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The Committee could at the same time distribute! for 
general information, the observations of the most widened 
lines in sun-spot spectra, which are secured on every possible 
occasion at Kensington. 

These two branches of the work, however, by no means 

meet our scientific needs. . , x . x e ,, 

The positions, heights, and chemical constitution ot all 
prominences, whether metallic or not, and of all weldings up 
in the chromosphere, are perhaps as important as the posi- 
tions, areas, and chemical constitution of the spots. 

The observations of both series of phenomena will ac- 
quire a ten-fold importance the moment they arc stnetiy 
co-ordinated, and reduced on a uniform plan, and tho 
Committee believe that daily registry of the Solar Phenomena 
cannot be considered complete until all observations have 

been discussed. , 

Assumin'* that this view may commend itsell to those 
who now carry on solar observations, the Committee have 
contemplated the possibility of this latter class of observations 
being sent to them, so that they may be published with the 
data which they already possess relating to the spots tor the 

If this' were carried out there would be an international 
bulletin giving the reduction on a uniform plan of all tho 
observations regularly made every day, of all solar phenomena 
which it may be determined to photograph or observe. 

Such a regular chronicling for general use ot ordinary 
phenomena would of course in no way interfere with any 
special researches which might be undertaken in connexion 
with any one of them. 

Accompanying this letter is a suggested form of bulletin, 
indicating, in a rough and preliminary manner, the kind ot 
wav in which such information may bo brought together. 
The Committee will be obliged if you will favour them with 
your criticisms or suggestions. 

They would also inquire if you would bo prepared to 
associate yourselves with them in carrying out such a 
scheme ; and if so, what class of observations you would bo 
prepared to make and forward regularly to the Committee. 

To facilitate any work which you may bo prepared to 
undertake in this subject I enclose a table drawn up by the 
Astronomer Royal giving the. dales of coincidence ol 
Carrington’s assumed prime meridian of the sun wun the 
central meridian of the visible hemisphere up to the end ol 

the year 1889. , 

Finally, as there would necessarily be expenses attendant 



on the issue of such a bulletin, I am directed to observe 
that if there is any fund at your disposal from which a pro- 
portional part of such expense might be contributed, or if 
you were able to subscribe for a certain number of copies of 
the bulletin, at a price to be fixed hereafter, it would assist 
materially in giving practical effect to the proposed scheme. 
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APPENDIX VII. 

Report by Professor Lockyer on the Relation of the Sun 
to other Celestial Bodies, being conclusions based on 
the results of -work done at South Kensington. 

(1.) Laboratory Work. 

The laboratory work has consisted of— 

(\\ Experiments upon the spectrum of carbon. 

)o< Experiments upon the luminous phenomena of the 
( ) various metals volatilised in the Bunsen burner and 
in the oxy -coal-gas flame, as compared with the 
phenomena seen at higher temperatures. 

(3.) Experiments upon the spectrum of magnesium at low 

(4.) ExperiSeniJupon the glow of sodium and magnesium 

in vacuum tubes, _ , ~ 

15) Experimeuts upon conditions under which the 0 
^ ^ and F lines of hydrogen disappear from the 

(6.) Observations of the spectra of meteorites in the oxy- 

coal-gas flame. . , , 

(7 ) Observations of the spectra of meteorites when made 
K ’ to glow in vacuum tubes. 

f8 1 Observations of the spectra of motcontcs at the 
{ ) temperature of the quantity spark without jar. 

(Q 1 Photographic comparisons of the solar spectrum with 
w the spectra of meteorites in the electric arc. 

(2.) Observatory Work. 

The 10-inch equatorial has been employed in conjunction 
with a small star spectroscope for tlic observations of the 

^ TilHJ „4»ta* Attmtion k». w 

directed to the differentiation of stars, like the sun, which 
are doling from stars at a nearly equal temperature which arc 
setting hotter. For this particular inquiry the observations 
Ihich have been published by other observers are not sufc- 
cientlv detailed to enable tho necessary criteria to bo detei- 
minel Hitherto only one line of temperature, and that a 
descending one, has been considered by observers. 

Detailed examinations have been made of nearly 30 stars, 
the lines being direotly compared with lines in the electno 
spark and Bunsen burner in each case. 
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(3.) General Conclusions . 

The conclusions with regard to the sun are embodied in a 
general scheme which embraces ah the celestial bodies with 
which we are acquainted. 

The main conclusions are : — 

(1.) All self-luminous bodies in space are composed of 
swarms of meteorites or masses of meteoritic vapour 
produced by the heat brought about by condensa- 
tions of meteor swarms due to gravity. 

(2.) The spectra of all such bodies depend upon the heat 
of the meteorites, produced by collisions, and 
the average space between the meteorites composing 
the swarm ; or, in the case of consolidating vapor- 
ous masses, upon the time which has elapsed since 
complete vaporisation. 

(8.) The temperature of the vapours produced by collisions 
in nebulm in the so-called “ stars ” with bright line 
spectra without the C and F lines of bydiogen, and 
in comets away from perihelion, is about that of 
the Bunsen burner. The principal lines seen in 
these bodies can be reproduced in the laboratory 
experiments. 

(4.) The temperature of Orionis and similar condensing 
swarms is about that of tbe oxy-coal-gas flame. 

(5.) The next stage in the condensation of a swarm before 
complete \aporisation is represented by such stars 
as « Tauri, the temperature of which does not 
differ greatly from that of the sun. 

(6.) Complete vaporisation of the swarms is represented by 
stars like Vega and Sirius, in which little but 
hydrogen absorption is seen. 

(7.) The first marked stage in the subsequent cooling is 
represented by stars like the Sun, Capella, and 
Arcturus. 

(8.) The last stage of cooling prior to entire loss of 
inherent luminosity is represented by stars of the 
same type as 152 Schjellup, where there is mainly 
the absorption of carbon vapour. 


(4.) New Classification of Celestial Bodies . 

Although nebulas and comets have hitherto been regarded 
as tlnnos quite distinct from stars, this distinction is no longer 
necessary. All previous classifications of the celestial bodies 
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Lave boon based on the assumption that this diflercnco 
existed, and that all the stars were cooling, but, it is obvious 
that they must give way if there bo a line of increasing as 
well as aline of decreasing temperatures; that is, it some 
stars are getting hotter whilst others arc getting cooler. It 
has now been demonstrated that the old ( lass 1 1 hu stars arc 
meteor-swarms which will ultimately develop into stars of 
the « Lyric type, and that the Class 111*. stars have passed 
through all the other stages. It is clear, therefore, that these 
two classes cannot possibly be successive stages ol develop- 
ment of the same typo, nor is it possible to conceive that they 
are diil'erent types of the development of any one stage, as 
Vogel’s and Leuehi’s classifications suppose. 

'Plic general classification suggested by the work at 

Kensington is as follows - . 

0%mu /.—Radiation lines and (lutings f« ‘‘dominant, 
absorption begins in the last species. Nebulas, 
comets near aphelion, and the so-called stats with 
bright- line spectra, are included in this group. 

Group //.—Mixed carbon [luting radiation and metallic 
fluting absorption predominant. Ibis group exu re- 
sponds to the old Class i I be, and also includes Home 
comets near perihelion. 

(Jrouv III— Line absorption predominant with increas- 
ing temperature. The more advanced members of 
tho group will have the simplest spectra.. Out* 
division ol the old f * lass I h/,, situs fall m thin 


group. 

(} roup l V . — Simplest line absorption (hydrogen) predo- 
minant. This group corresponds to the old t Hass I . 
and includes only the very hottest, stars, like Siriust 

and Lyra*. , . , . 

Grim/) V. — Li no absorption predominant, with decreas- 
ing temperature. Those stars of Class ll«. which 
do not fall in Croup III. will fall in this group. 

Group 17 .— Carbon absorption predominant. This group 
corresponds to the old Class I IIA. 

Group VI l . — Dark planetary bodies. In this new 
classification there arc several lundamental depot - 
tut'OB from previous ones. As far tis solar physic* 
is concerned, however, perhaps the most important 
is the division of the eld Class I If/, into two group*, 
one representing increasing and the other dccrean- 
ing temperatures. On the ascending side of tlui 
temperature curve the varying volatilities of metoo- 
rilic constituents brought out. by successively higher 
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temperatures are in question, wtnlston the deseed- 
ing side of the curve the spectra will depend upon 
successive chemical combinations rendered possible 
by a gradual reduction of temperature m a gaseous 

The spectroscopic observations of the Ila. stars have 
hitherto been made on the supposition that all of 
them were cooling bodies, so that no effoit lias 
been made to establish the necessary criteria. The 
spectroscopic criteria which will enable observers to 
as£n any particular Class IIo. stars to either 
Group HI. or Group V., as the case may be, of the 
new classification have recently been determined by 
work in the observatory. 

(5.) Tests. 

As a test of the truth of the hypothesis, Mr. Lockyer 
chows how it hears the strain put upon it when it is used to 
indicate how the groups should he ^rthev Mmded, and 
what snecific differences may he expected, thus, tlie lust 
species of Group I. will include the least condensed swarms, 
and succeeding species will include the more condensed ones. 
The last species of all will consist of the hottest of the stals 
with bright lines, like y. Cassiopeiae. In passing through 
Sis series, the spectroscopic differences observed between 
the different species are just what would be expected on the 
supposition that meteorites at gradually increasing _ tempera- 
tures are in question, and the general hypothesis is thus 

Sr It il dsSflmwfthat if the next group (Group II.) be 
discussed in a similar manner, the same conclusion is arrived 
The actual spectroscopic differences observed ai e exactly 
what they would be in a condensing swarm ot meteorites 
•with a gradually increasing temperature. The 29 / stais ' 
this group which have been observed by Dunei have been 
divided by Mr. Lockyer into 15 well defined species, the 
first beginning where the last of the preceding groups leave 

°^The subject of variability, as far as it is associated with 
the stars which Mr. Lockyer has shown to be uncondensed 
meteor-swarms, was also considered at some length m the 
Bakerian Lecture. Mr. Lockyer’s explanation of variability 
is closely allied to that of Newton, who ascribed the increase 

of brightness to the appulse of comets. . 

According to Mr. Lockyer, however, the variability m this 
class is produced in the simplest case by the revolution of a 



76 


small meteor-swarm round a central one, the maximum 
occurring at periastrion. The greater the eccentricity of 
the orbit of the revolving swarm the greater will be' the 
difference between the luminosity at maximum and that at 
minimum. Variables of this group are therefore to be 
regarded as incipient double stars, the invisibility of the 
companion being due to its nearness and the primary, or to its 
faintness. The question of variability affords several tests of 
the general hypothesis. According to the hypothesis, stars 
of Group II. ought to be more subject to variability than the 
other groups, and, as is well known, this is the case. Varia- 
bility ought also to be most common in the swarms with a 
mean condensation, for the reason that at first the meteorites 
are too sparse for many collisions to occur, and that finally 
the outliers of the central swarm are drawn within the orbit 
of the revolving swarm, so that there arc very few additional 
collisions at periastrion. A discussion of the recorded 
observations has shown that this is the case, the greatest 
number of variables occurring in those swarms where spectro- 
scopic observations indicate mean spacing. In cases where 
there is more than one maximum, it is suggested that more 
than one revolving companion is concerned. This general 
view of variability, however, docs not exclude other causes, 
such as eclipses by dark companions. 

In a later paper read at the Koyal Society on January 
10, 1889, Mr. Lockyer discussed the spectra of comets 
and the aurora, and the origin of binary stars, with the 
special object of testing the general hypothesis. The first 
part of the paper dealt with the spectra of comets. It 
being generally accepted that comets are meteor-swarms in 
the solar system which get brighter, and therefore hotter, 
as they appioach the sun, if the hypothesis be true, the 
changes in their spectia ought to resemble those which take 
place in gradually condensing swarms outride the solar 
system. A detailed discussion of all the available spectro- 
scopic observations of comets shows that this demand is 
satisfied by the facts. An important outcome of Mr. Lockyer’s 
investigations of' cometary spectra is in the unravelling of* the 
spectroscopic phenomena produced by the integiaiion of 
various simple spectra. The cause of the variation m the 
form of the citron band in cometary spectra, for example, 
has always been a difficult question, but Mr. Lockyer shows 
that such variations as are observed are not only explained but 
demanded by his hypothesis. Allowing for the differences 
in the conditions of observations, it is conclusively shown 
that the sequence of spectra is the same in comets as in 
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condensing nebulae. In both cases when the number of 
collisions is just sufficient to render the swarms visible, ie., 
in comets at aphelion and planetary nebulae* the spectra are 
identical* consisting simply of magnesium radiation ($ 500). 
With the first increase of temperature continuous spectrum 
is added in both cases. As the nebulous swarm condenses 
an apparent star with a spectrum consisting of bright flu tings 
and lines is the result, and this is also the case in cometary 
swarms. Still further condensation of the nebulous swarm 
results in a body of Group II., giving mixed carbon radiation 
and metallic fluting absorption, and this also is a well 
marked stage in the development of cometary spectra. 
Further condensation in both cases results in line absorption. 
Schiaparelli's view, therefore, that comets consist of nebulous 
materials drawn into the solar system by solar attraction* 
is now abundantly demonstrated by the spectroscopic study 
of nebulae and comets. The discussion of cometary spectra 
therefore strengthens the general hypothesis* which would 
have been worthless had the cometary spectra been otherwise. 

In the second part of the paper Mr. Lockyer proceeds to 
test his hypothesis by a discussion of the spectrum of the 
aurora. He points out that if in the aurora the solid parti- 
cles of the meteorites which are constantly entering our 
atmosphere are acted upon by the electric current* the spectro- 
scopic phenomena observed ought to be similar to those 
observed in our laboratories when meteoric dust is subjected 
to electric discharges in vacuum tubes. It has never been pos- 
sible to reconcile the aurora spectrum with any known spec- 
trum of air* and some investigators have attempted to get over 
this difficulty by assuming that the aurora is produced under 
conditions of temperature and pressure which we are unable 
to imitate in our laboratories. A comparison of the aurora 
spectrum with the spectra of meteorites and uncondensed 
meteor- swarms (y Cassiopcice* &c.)* however* indicates a very 
intimate relation between the two apparently different classes 
of phenomena. The meteoric dust theory of the aurora as 
first enunciated by Olinsted during the display of 1833 has 
practically been rejected because the lines of iron were not 
to be seen except in auroras of exceptionally high tempera- 
ture. 

The principal line in the aurorce spectrum is shown to be in 
all probability the remnant of the manganese fluting at X 558. 
This fluting is found in every meteorite which has been 
spectroscopically examined at a low temperature* and, more- 
over* it is seen long before the iron with which it is associated 
in meteorites. Even the small trace of manganese is suffi- 
o 52344 
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cient to render this fluting visible before the iron lines. The 
secondary lines seen in the aurora spectrum also appear to 
be due to constituents of meteorites, which arc most volatile 
at the lowest temperatures, 'lhe reason why the lowest 
temperature spectrum in nebulae should be that of magnesium, 
■while in the aurora it is manganese, Mr. Lockyer explains 
is that in nebulse heat due to collisions is in question, while 
in the aurora electrical conductivity as well as heat ism 
question. Magnesium, being mainly in combination with 
silica in meteorites, would not be so likely to appear m 
electrical excitations as would the volatile metallic constituents, 
Ihere is therefore apparently strong evidence that the 
spectrum of the aurora is due to the presence of meteoric 
dust in the upper parts of the air, and the investigations 
strengthen the general meteoric hypothesis. 

In the third part of the paper the hypothesis is further 
tested by a discussion of binary stars. If the apparently 
single variables of the Nova type are really double nebulse, as 
the 5 hypothesis supposes, visible physical doubles arc probably 
only further advanced stages, and by an investigation of the 
spectra of the components, or of their colours where spectra 
are not available, it ought to be possible to determine the 
stage of condensation of such double nebulae. The main 
idea that the component with the smallest mass will run 
thro ug h its changes at a greater rate than tlic other component 

According to the relative stages of development of the 
two components (or indirectly to their relative masses) Mr. 
Lockyer divides the known physical doubles into five classes* 
There are really only three cases in which the components 
do not appear to have condensed from double nebulas and 
here the companions are probably additions of a cometary 
nature. The general view that the regular variables of 
Group II. are really double nebulae is therefore strengthened 
by this investigation. The irregular variables of the group 
are regarded by Mr. Lockyer as multiple nebulae, which 
will ultimately form multiple stars. 

In a separate paper communicated to the Royal Socioty 
by Professor G. H. Darwin it is shown that there is no 
real antagonism between Mr. Lockyer’s meteoric hypothesis 
and the nebular hypothesis of Kant and Laplace. 

(6.) The Bearing of the Meteoric Hypothesis on Solar 
Physics. 

The working out of the general meteoric hypothesis 
enables us to define the sun’s exact place amongst the other 
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bodies of the universe. As far ns can at present he stated* 
the sun belongs to one of the later stages of Group V., that 
is to say, it has already passed through the nebulous stage* 
and the stages represented by stars like a Orionis, « Tauri, 
and « Lyrse, and has still to pass through the stage repre- 
sented by stars like 152 Selij. before it finally becomes a 
dark planetary body. There is evidence that the time taken 
for a nebulous swarm to reach the hottest stage is less than 
that taken for the subsequent cooling to the planetary stage, 
so that although the sun has already cooled very considerably, 
it is probable that it is still only about half way in point of 
time on its journey from the nebulous to the planetary stage. 

The experiments on the spectra of meteorites are especially 
interesting in connexion with the probable meteoritic nature 
of the sun’s atmosphere, and the theory which ascribes sun- 
spots to falls of this meteoric matter into the photosphere. 

The solar spectrum can be very nearly reproduced by 
taking the spectrum of a mixture of stony meteorites between 
the iron meteoric poles of an electric arc. ^Photographic com- 
parisons of this kind, on a large scale, have been taken for 
the region of the spectrum lying between K. and D. 

The absence of carbon and oxygen from the sun (or their 
presence in very small quantities') and the. presence of 
hydrogen also receive explanation by the meteoric hypothesis. 
It is known that the vapours in the heads of comets are 
driven outwards from the sun by some repulsive force. If 
this force is so intense at cometary distances, it may fairly be 
expected that it will also exist at the sun’s surface, and 
consequently the permanent gases will be repelled. In this 
way the absence of oxygen and compounds of carbon is 
accounted for. Hydrogen is also repelled in a similar 
manner, but as quickly as it is driven away more is formed 
by local dissociation. 

Another reason for the absence of carbon is, that if it by 
any means could descend as low as the photosphere, it would 
be immediately dissociated. 
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